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mm i ] ntmmzx >o®Mmitmtz> m 

Mb. 

t «t * $ i mmmt . m i ittM 

[M«Ji2 ] mm i @5g«i, irfta^ i ^mmm 
t . mm i wwmmt n&i i tetg^ja 

imm3 ] irEiijgfcw LTisriem i tm&mn 

s^arawt: i o mmzimitm i* 2 mm t 

imm ] mm ma , mm i &mmm t . 

mmimmmmt^ti. mmimmms. 

imm 5 ] iwteg &mzft lx mzm i mmm<n 
[»*JS6] miemi^L«i4^tiam6<j^^-r 

imms ] mm i mizjs t amwtis^-s #r 

[ if m 9 ] tareem i , Miess i iM^maft 
mznixmm i &^ttJi<»f<ifcf&(t£fi£Sji 

i o ] mm i ns«{i. mm i 
ttiRfcW 1x15121? i mm^mcommizmt^tii 

m&2 itsmmt nm3^«mmt i&awmtz 

i mm 1 1 1 mm i mmi$. mm i mm 
tt!«c«- lt mien i &mm&mmmizmif t>n& 

&ist&m2mimmm%t>\ l z$ti. mmnm 



imm 1 2 1 fne^ i mmmma. f e tc«& 

1 3 ] mzm i ^t^jiStti»(i. f e Tcmt 
X7ti*b£<ki?t&. mmiimvwsmtimm 

^. fcfcfLXliA 1 , Si, B, N*»6fK5»J: oaw 
ft* 1 «i L < tt 2 «JJLhc07C^t'$> £ . 

[sb^jh 1 4 1 Htrie^ i wtmmmit. m f e 2 o 4 

(MliFe, Co, Ni*»<5,»f# l ii«tL< tt2 » 

t mm 1 5 ] frie^ i mmmma. f e 3 o 4 £ 

r tft&H 1 6 ] ffiBM 1 1M mrffif£BK2 . C o F e 2 

o 4 tzmt-thmm i leao^js^^^ . 
[H^n i 7 ] irieMUHgjfiinjjiii. p -m n ^ 

(PliPt, Ni, Pd, Ir, Rh, Ru, CrM 

aufii* i «i i<tt2m&Lkcr)7vm) s&x 
mm 6 smnmMMimm? . 

2 o 3 , Niow^, kL^i^ft^ajgiRa^ 
rn*fli9] fneMffiftniiETOjjiii. <ab) 2 

iS3ft^-? L fe^L (AB) 2 O x i:(iAtB7cS^L 

mmmi-2. s<xo. 2^^ij&l. 

A, B. O ^a^gJ^ftiRa, Rb, Ro 

t=(Ra + Ro)/{/2- ( Rb + Ro ) ) 
TSa*S*LSt#0. 8<t<0. 9 7T**;t*« 

[ft*3S20] fflE (AB) 2 O x «C0B*iFe^±^ 

ftt timmmmxh i . n m 1 9 tiaa^am 

[ft*S2 1] HOfB (AB) 2 O x «<7)A*J (Y, La 

t*tf) *±a7c**»4>atf*i4 ia«>L<ii2«feUi 

otu«ts,4, mmi 9izMmcomm&$)m^ 
mm2 2 ] mm i K^attm. ugas i & 
mmmcommxh i . mm i tzmwmmm 

^«*3i2 4 ] mzmmmt. im&mt . 
mBwm&mftLTmmmizmMi&it:. mm 
&tetmmik<7>mtch2^<7>&m<mt*-§ts m 
m i ffl&<?msmm£ft. 
mm2 5 ] mmmmmmm^mm^r^z 

*s*WKi«iSfc£itt{csw\ mmim^mMm 
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imm 6 ] mm 1 smmsmssmm^t 

imx®2 7 ] mm 1 immm&mm^t 
^t^mmmzmmmm^zmx-tzs--? t 
i mitt i msmmbsm^ k . 

i mm 2 s j mm 2 e mmmmsm^ -y 

Ft* 

**imt&mmMk *mt&msismmm. 

imm2 9 ] mm 1 mmmsmmsmrb . 

imm 3 0 ] mm 1 mwatmmMi&fim 

imm 3 1 j mmimt-y h « f e 3 o 4 *# 
i mm 32] H'iiem 1 xmt . ^mattx t 

3 3 ] mnam 1 ig(±. ^tt^x t mm# 

mtSH2Ig^^-s, HM3 lfci28*>»$l 
imm34] i^»fl3ft^-y.yMiCoFe 2 0 4 

So 

*^a«#fcios«fc:«tft:En&t*i*jB, imam, 
mmmzx om^mmtRi^msmmmm 

mmmmt&m 1 oxmt . 

xnt, 

1 mm 3 6] B uism 2 ?>xw&, T^ximmz 
ttt, mm3 5mm%mmmi L mmm. 
imm3 7 ] mm2coxma. mmy : J^)im^ 

mzmfr&xmtft^ mmssmmssm. 

mmwmmm. 

immis] mt?M2<Dxmt. 



ts, mm3 smrtQBsmmm&m&m. 
mm3 9 ) mm2coxmi*. 4*ym± vm. 

1 mm4 0 j m±mmt mrm * # lt 
mmtz x vmMtmttm i&wzmm 1 i 

y )mm-&m2<r>xut. 

mmmm.mzwzwmmm 2 mmmm 
^2£mmm±izmtmmmzmizBm-z>m 

[000 1 ] 

ztizmTffimzn&m^mmmmzmi 

[0002] 

iS^ % HDD (^-KtmX?K^ 
[0003] xeyy^T'ii. ^WSttJf*^ LT 2^<d 

mftmmmzn. -u^mm (mm) « 
mtmttmmm <xv->?m) \zxh?m>u 
ram-em. 1 ( z mmmmm t mmsm 
m$$bitxi8m£mtv?x) . td-umm 

[0004] xeyy^^ntffl^^ftitmi: LT 
«is 3ft. JSfflit LTN i-Fel, im&mt LT 

SBSUKii3Eft* (MRJt) im2%?)i><7yiftv&iztuz 

^f-UT;lxX 9 3 »10 1^ (1991 
^) (Journal of Magnetism 
and Magnetic Materials 9 
3, P 1 0 1 , 1 9 9 1 ) ) . ^C7)J; 3t. &«E#p 
M*k LTF eMn«ifflv^ttf5|jMRJtAJ/hS< , 
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e M n S*{CWftttt3jfeSW*ftS^)-C, Sa^EftHIIg 
*WW« £fflv tfrx tryy ^R&q^gs tlT V vg, . 4,-? 
t . P t M n^{iB^tti:»6<J^ft^ < , n i 0^> 
a - F e 2 0 3 ^^t:ftSrMIlI|sJfp$ijji t 

[0005] 

[*Hg* I «»LJ:3i't&illji] L*>L&#£>. Nio 
mm^iifu ? *^i&Kj&H-fl«< £< „ N i ox 

[0006] jfcfc, «-Fe 2 0 3 ^tWW/7ISt^ 

X Vyrtfl,7m&m@§±£a — F e 2 0 3 
ftOXe^^H^, -tafc>«-Fe 2 0 8 l»C 
*i^Ti(?3«|6l*We*«. PtMn^li SRW£3£ 
ttfcftfc* fcOON i O^a - F e , 0 8 «if*ti MR 

Ni0^a-Fe 2 0 3 ^J:3£±£ 

[0007] sit j; ^mmmski^t^Hmm 

[0008] *»Pfc)S«HL IftW^ttt ffiMRihfc 

&tt&wmmm?kt(vw8,m. mmm 

[0009] 

tmimmmt mmmmt z. t zmt-tz . 

[0010] ^mmmmmm^i. 
ti. tmm&mz x o sswiawugiB 1 

at***, IHli£ii:ia41t«)j!?t<t t- 
^l?H8f»£^«m&RatttRJ: mi 

[0011] H-na^ 1 asm, mm 1 ^jium 

[0012] ia£g&fi£tt LTmilBS 1 

* izimitmm i 2 msm t £ § h fc^-e & «* 



[0013] friegtijJf mm 1 ^jgsttut ^ 
fen 1 mmmmt xw 
[0014] mm&mzttiTmm, 1 mmmm. 

[0015] mm 1 mmmmt mmizm&t 4 

B'jiem 1 &mmnmMizmt>ti&M 2 &im& 

[0017] fiia^l H£Bi:«SlW{2fe^-t4*q8fl: 

[0018] mrtHss 1 mma. mm 1 SHt»ffli£ 

[0019] Miem 1 ffiBBtt, mm 1 

&mmt, m3mmimt.mm2mm.mt 
m3&mm®.mt tmm&mz^m^t^m 
zmim&m t * $ t, tz*A,vi> x v \ 
[0020] mm 1 a^itt, friBii 1 rnmmm 
^^mmimmm^KmMzmi^tLmm 
mt. mmm^itixmimimmmtm^. 
mz#m£-t&m2Miwm&mi § t>iz^A,?% «t 

[0021 ] Mfem 1 St-ftWMfi. FeTC^^^^L 

xi>xw 

[0022] |«f£|g 1 Feytmt Xm 

t * *W U T t J; V \ fc£ LXIiAl , Si , B, N*» 6 S i 

oaif 1 at l < « 2aja_h«7cST'j> & . 

[0023] MiaH 1 iMBftaffijgtt. MFe 2 0 4 ( MIZ 
feXo,Mfrt>mimz l«t L<tt2«feUitf?7E*) $ 

[0024] jj«feS& 1 |»f|^«t£ilU. Fe3 0 4 

blxi>i\\ 

[0025] mnem 1 wtmmmt. c 0 Fe 2 o 4 
[0026] mmm.itmm\mt, p-Mnm ( pijpt, 

Ni^d.Ir.Rh.Ru.Cr^^m^ lgt L<{i2SJ^±' 

[0027] mmutmmmmi. , Nioo 

[0028] nmatt^im^KHJBu, ( a b ) 2 o x m> 
mz> z t i#%b-thm&6 mmcomM&mm 

T&bnitm-.xx'bzzb oimmm?2.8< ; x< ; 

3.2^fr5r)l^L. *»oJH^a. B. 0 <r>4 
t=(Ra+Ro)/(/"2 ■ (Rb+Ro)) 

TimZtih t *<0.8<:t<;0.97T*4i b SrSfJEi-* to 
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[ 0 0 2 9 ] H«ie(AB) 2 0 x Ji^B^TeS:±^^i:t«» 
M#^StuST^> -o t t J: u „ 
COO 3 0] HJiB(AB) 2 0l,S{OA36» (Y,La£3tf) # 

[0031] fflgftg 1 i^ftSgftHi^ iiM 1 ^n® 
[0032] ffrfggS 1 ^ffiSttflftti. Co-Fe£&^& 

roo33] mzmmsn. mmt . 
coo34] iss«^iaEfia»^B?witai«±Tfcsa 

Xi>£\\ 

[0035] *»BB(cffis«i!«Hia»«a^ v * 

[0036] *^fcffiSffitfM»saai3ftj^^y h' 

[0037] *^BB{;ffi^Kmian^a{i. 
m^vvtnhjy* >r&m»tiv—mb . mm 

[0038] mwtz®mmm®%*izvm?ii 
fr^mmfrfti-Kibnmmmmmt, mm 

[0039] *mmmmm>m?comkm 
x. mimmitmmm, m&9~y<?v*m^ 

[0040] mmm?-y-y H2Fe 3 o 4 ^a,x% 
[0041] mm i una. ?FmtfAkw&tfAb 

[oo42] Htriegs i isi j s T^mmx t wmxx b 
&m^xMv?mizx <omm i mmmm^m. 

[0043] mmim?~y-y MiCoFe 2 0 4 

[0044] mmz^hmmssmmmwm 



izximmikmt&s&is, imm. mm 

mmti m i <*>is fc , mmmmmm&mm 
mmfczvm2coxmb. m&mam%oms±tz 
mmmmmm-%>m<?)JMb. mmmmm 
<vt\zmmm^mm*mzfm-thmA<7)JMb z& 
#u %<oz:bi l z±r>±mmmfcztiz>. 

[0045] B»ie®2(0XS«. TyX^MimZ'SA, 

xi>xw 

[oo46] m&&2vxm±. mm=Jt)i<mfrm 

[0047] fJ£»2*)IgfcL B«SHfc8;**X/Cfc 

in. 

[0048] mi^2<7)Tmii. ^>jgj:mt 

[0049] mmizmi § ^fl^^^iy^ 

wm^mimmtimi nxnb . mw%.m<mm 
mmzBimz^v 9 >j vrmzz. mm-h^in 
xmb, mmimmm^±izmmmm<Dm2mm 
vmmmtim30ixmt. mm2^mmmxm 
itmmmmwzmm-^A coxmb * 
<nz. b iz i 9_h£B«jras£3*u . 

[0050] 

SfcttB 1 fc^UrJ: 3 fc, SBttH ( i^jf 5 ) 
*W4/ [&M8M3 2/^jMK««ffiH3 1 ] (S£ 

ttmmm 2 b mm 3 mimmm 3 1 #&ti 
tm&bi-i. 

r 0 0 5 1 ] x, m2^Ltzi oiz±_mimm4 

[0052] mzm3 \,z5r, ttz x o £mmtzmm2 
(t°>-yyjg) / immsms \/&m!m3 
2 ] mm3 ) /$mM4/mm ( 1**5 j / 
4msm4/ [^«attH3 2/mim®&m 1 ] 

[0053] tttwrnms Afc^Lfci a fciAJi 

5A*s^«HtS4i:tH-SARaHtlR5 1 tlKCM 
tt«5 2O««KJ:0«j«L , C<)S^. ®5AOH^iI 
3 D tJMMSftlit !Kfc«tt$l£iiJI L/t^O^ffl 
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[00 54] SC@M5Bi«06fcSLfcJ:a(: [A 
«»fMS5 l/mftS8ffia5 2/£iHcgffli5 1 ] 1 

[0055] ifi^aSA. 6fc^UtiW>@©ltt 

i>&*. mztcDWim3Dmi. 2, 

^ tHJglS- [4MHtttlR3 2/Kft«ffii3 l/£ 
[00 56]^H7. 8«i*«*Sl5A<0J:3^fl| 

[0057] ztibmammt ixiiFenm^ 

f * F e - X ( X|±BR%T4 ~ 3 0%) t>05#)R 
«^tttaaSS*3«affliTV^. fc*f LXfcfcA 1 , 
Si, B, N*»4,jRs»j:»)gaa l4iafcL< , 42 g 

eu^tesrt** . mmt ltwf e -m, f e - 

WWXA- 7 ^(;J;^ F eA10, FeSi 
O, FeBO, FeAlON, FeSiON, F e BO 
N, FeAlSiO, FeA 1 S i ON$jWBj&fJ* 

* . jaTws^s MFe 2 o 4 ^i5 mmm\ wm 

[0058] X±lee-ft»fflittMF e 2 0 4 (MiiF 
e. Co, Ni*»featf^&i8fcL<tt2aEU:tf)7c 

*) *±mt imm-zz burnt lw 
[0059] zm$mimmmt,z\±F e 3 o 4 *± 

fig^h U«fMit^Fe -x* J: ■) jgfcjtfffifij; 
fcfcfl, CoFe 2 O 4 S-±^^i;fl»tC0m^ifS 

[0 0 6 0] iat^/fap-Mn3| (P(iP 
t, Ni, Pd, Ir, Rh, Ru, CrHltfW 
18fcL<tt2atUi<^c«> ££J: 

-^0««HT«^T^^^L. (AB) 2 O x Ji 
-ZmZiVZh&W fctzl (AB) 2 O k bit At Bjt 
**&lt:i>ObOy£mk<»}lt&2 : X?$>lZbZ* 

u oimmi%??2. 8<x<3. 2<n^wm& 

U ^KA, B. O 0)J*y¥i££Ztl?ilR 
a, Rb, RotLTito* 
t= (Ra + Ro ) / U2 ■ (Rb + Ro) ) 
T5g»5*l.*t#0. 8<t<0. 9 7T*Sit*» 

[0061] £«*£(AB) 2 O x H<0BttFe£±tf 
^fc1-S^^7CHi:-$)S < It^SL<, A{i 
( Y , L a ) *±3B7c*j{p^»f fLS 1 ffi^ L < 

[0062] £ft^coK{ix^.),*a=£(c j; oasLht 



<&m$ltt°y-y7gblXa-Fe 2 0 3 , Nio" 

L\\ fc*f LP t -M nSJihTi^fcifffc 
[0 06 3] S2toUTtH«T'*,'9. H3fCfcUT 

[0064] J: LTH4 fc* Ufc J: 5 £8@ 

3 A^ratss 4 b m-ti &smitm 32b. # 
mm 3 3 Lt«««tsa«if&* lt v \&mm 

[006 5] HKJ4£l±aK>tEll--2, H4, H5 
A, H8*31S{ca*^*)*/sH9-l a^rflWE 

[0066] H9{iH8^fl|^±T&jSt U g&Jf 
[0067] iai0(i@8^^«7(sfcLT, g&Jf 

6txb£.Twa7 usurer. 

[0068] 01 lAttH10<0fiWte3S*i;l/t, « 
ftHHaWMJH2 tjS^-4^«KttK3 2 1 i, 3-ocd£ 
»BHtK3 2*5ffflEttR3 3^LT. H4<0@}gJ|3 

^mmm\m2cr)\fy-yy^ m ^ m ^ m% 

l>tih. ;«tftett04fctt»SrrK ^SSt1£R3 2S- 
[0069] fiU^JtaBWffi^j^^ijiftiRs! 

Mzn$i£%Li-t>K mi&msmi^tht:^ mzm 
mm?nmco±Tizmmi. vs&tmtzmtazm 

[0070] *HBJc7)Kmffi^«M^-y Htt. EI 1 4 

a, i4B.Hi5t*L3tj:a fc*»»osKasfia» 

<?>t. ^-r^&^^^ffiiiL^m*^9(3»A^ 

mi4AW\-VJVTZ3&l 2^WL, Hl4B{iS 

M»ttA-f r^asi 2Ai#t4«i«t*-5rv^. 

[0071 ] HTIiUffirt^^^n^^i: Lfe 
aVHl 4 A. 14BCD'J-Kg|Jl 3^MR^90J1 
®±Tfcoft. IM^-W 1 5Xm r »y-/l'H 1 0 
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* 1 6 o 4 . ie» . n^-thmsn^y 
H»i6oi, m*mmi 6 03. M^f^; 

^mmmmmx-bz. 
[ 0 0 7 2 ] ^fci^asaKiaa®*? c sew 

«*a*aj*fc»<0*y*fc23i:. ff«*iaW$fc 

*>*»7- k«2 2 1 zmttam 1 7 (c^-i 0 

[00733 OT*^<?5«^ffiBi3wi*^ . mm 
smuk v h . mmm* * v m^mwizm^ ^xm 

[0074] hi fc^^aEsaaaa&ft*^ 1 0 00 

fc. MM8I2. ®£jf 3 (KftWffii3 1/ 

a«8ttK3 2) . mam 4. &&msm*wa2 

mmmrn 2 izx im>w rmmz* 9 *y±#>$ 
^Tfc 0 . mmmm3 3 1 ^JiattJS3 2ii®jstt 

«fc«£LTH*jfctf>. ^*HHt»3 2<o»fkfc»ftSBg 

Ktt^3 3«f:i:llt^tt°>jJ:*$^TV^ - 

mxwiLztimj-cr>mim<%z>. 

[0075] ;*ifc# LT«^tfirift|*t|g t«Wl*iirr 
^*^«Ssa{i*=flr<3I^SaESlifi<*5. ftot. 

u mfr^commzxv&tK&mmtmm^t 
ixm&t &zb &. xmi vmm 1 c^±^mm 

»SK3 3S-B9&&. ^«affil3 2 

**. **iHlfc:<±»fl:lH«EfflWfl|2^L^ 

mx'hmi, mmmmm2mmxhh. 
100763^,01^ ^xmmmvm 2 



[0077] aasas^SE-f iSH*t 

mm/mmi mximm*). mmvm 
Mx$)Z>i9 l '&iizcr>mmtfim\ii-& t ^yvmA-x 

0 R b A R#ifeM-$ - 1 (=»B LT . H 1 fc^ J: 

■5 mm&mA t mm 3 1 vmum/mmt 
u &9n®ttmMmmwmbixis+>h 

ARt m^Wdl I : I X A R fcifcW-ft ^ ^ 

^0, »fc«^ew««2*^«Rr*4«^;oR 

muntmsx-gto. mr^l (nmsei:^) : AR/ 
^mtm^tztix^im^. 

mm3 1 t^JRffiffii3 2^^1000^0 5 n 

tmm<vMiw^n<viitex%mm< * 0 mr h- 

[0078] -^WtM[ellBWJfl*%JBiiJ: OKft 

timm mm) ^mm^^m^y^^s 
•t mmmmmmt-ti, z ttz 1 0 znmu 

[ 0 0 7 9 ] m 2 imz @ m 5 n&mtzvmtmti 

mitmmme miixmrnxcom^mmmz 

[0080] *feg**5^)ia«SM«t^fc$^u 
A«R«]»4a[-f b >>+ y hmx-MRitmr? 

Z<VX\ 10nmt(T, Mt l<i±3 nm^Tfc-rStfD 
[0081] k£M£StJih g^JI 5<7)^E 

SftTtaK J5H2fc*Lfc«JiS±Tj»tLT«,^ 
[0082] ±Titfc l1i»&iWR±±M<?Mim* 
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[0 0 8 3] H3tt*»»Sfflv^Ta7;^t^^ 

^TWsoasafflEfKfcjfeR^ 3 o ot\ HRwtra i com 
tztK m3i,z7]Kitimmt-t izbizx 2^cr>mt 

«8fflK3 l^iftfc+£±C«aHt«*l*fc*>R<0 
^oMRJtte**-t£7t#>±#&ffi;!j£ 

3 2fcfiff-4jgfS^4 o 

[ 0 0 8 4 1 04 {i¥$S|c&i§£ t LTE£« 3 Amm 

mmmx m^nx^tmmtmm^4 o ox- 

ft*. H4tfeV^TIM^ttJ»3 1tt^H|ttt«3 3* 

*-fcfcJ9£*i:LT@£fl3A£«jSLW5. H 
ti«t»«ttlB3 1 U£«tijK3 3 
SBSttHS-fgftT , mm 3 3 * LfcZooKftSj 

1 0 0 8 5 1 fcfcBfc{^3^ofc#Hfc£e[i 

ft«tt!S3 1 *>|Sfc@ 1 -1^3 t (5|«fc^l:lH«gWJ 

[ 0 0 8 6 ] _B* l£ <ft£@£B£i^!|ftef£j££ ft 
^fct«0"C*4*«H5~H8teSLfcJ:afca*Ji(C« 

[0087] H5AfctJl^JiiAJi5Ai«raHMl4 

MR}fffl&t>tl* ^OS^ 5 0 0 A£ft0&jgS<?)&K 

*3tt*JBRT^L^ H5 BfcjSLfc J: o tC&JBB! 
ttK3 2 £IHfcM4jl3 l fc*)«M!!?<>j|v\ 
[ 0 0 8 8 ] H6 6 0 0 1 Hfi!<0 JftS36*»6*L6 
£0faf6, IKHMtttK 5 2 £ 2 n m£tTfc»< fix 
if. ^«t«ttM5 2^KJSm#tt{iH5^^{J 

[0089] V^*l^M&^fcllft!Bl«ttK5 2«ffiifo&« 

[ o o 9 o ] mi \m%m 3 tmmmmm 2 tz 1 0 

fcffl£S3 B*t [^SattH3 2/18ft«BtttJ«3 1/ 

An»fHU3 2] ioaiit^wsfctstw-e* 



#MRifc&q§^ m8(VM&imm^3B<r>*$;C0M 
WiWm3 1 ^ffifil^V^^i^MRib*^^^ 
4. 

[0091 ] 09«H8<O«JS«±T*a»fc U g&j| 

ttEl~03tf)«Mte)J:3fc3mfc U:t>«0T&S# 

ttfcfc OTA £. 

[0 0 92]HlOiiE88tf5«BRia6*f:L,T, S*® 

[0093] 01 1 Ateiai ocommm^tix m 

o-o*mm (mwtm 2 ) *im&m 3 ^ 

xi><7)x*hh-bK zem&mA <mmt 
«3 2*fflv^v^. mm3 3<7)mzmmm 

(Mlimum^XZcomZO. 6-0. 8nm) 

[0094] tmmmmt^tt^zktzxr) z 

^>t*S^, HSg«3C^fl*:J:Siijg5^WN*>fTX 

m 5 co±izim 1 0 1 m 0 ^c^Niffii 6 t±*it » 
A*ofiawi»Jtr tan. 

[009 5] ®12«Wfca*«5C*gf«ttR53* 

<^r& 2S^KttH (MSttJS5 1 ) 

«0*fflV^*?T*S. ^KHt«5 3^LTZotf!)3S 

SttMttHTfri^oT^O. S*S5C^«rCtf!)»ft 
'i-O^ttJRwjRWS^^d 1, d 2 1 U 

aMk***l«l.Ms 1 , Ms2tniMs 1 ■ dl- 

m s 2 • d 2 1 z *) . mxwRMmmz'i^ < 

izzozcommmmtLZ,, 
[oo96]0i3{i06tHi 2m?ffimm$z 

[0097] wmmsmm2 1 tximmmb txit 

^»tI«Ir-Mn, Rh-Mn, Ru-Mn, 

c r - p t -Mnmm 0 . vmwimt h z b t i 
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mi. 2bt&±TM<amb-r&ztimiL<.®3 
T~it±cowitmmm 2 *&zt am* u - 

#MB'J-&^<7DN i -Mn, P t - ( P d ) -Mnifi 

zmsim 1, 2t ii±Tmcr>mmmt 1 < , h 3 x- 
pt-Mnmt±.Tk'-ht>x*{>®miiim. vv~>y 

- ^^s-fiii «fMM« 2 <c i ft t><kmjkm\, ^ 
xi>±z%MRitz%&zkm&x°$>z>. 
[0098] MiHiisM«2 1 txmm&mw 

^lt±mitiXHZ (AB) 2 0 x , NiO, «-Fe 2 
Rit^'ff *>ti. *mtom&k'9-t Zkl/ZX'Os 

*%MRtti)mt>ti&. n i oitm^^m'&iz^Mm 

m htOX'a — F e 2 0 3 k*«»Sfct 4 £ J 93* I 
i\ (AB) 2 O^i^ftg^HSMttftftS^jSR 

^zmmnmp^mx'h^ (ab) 2 o x ti>wa2A 

<4^*y*a«*#V^3c«^ La, Pr, Nd, S 

wmmmffik i-a&mzFe&mt u\ 

i o o 9 9 ] euic * LfcasussB*p*> i em 5 1 lt 

ii, Ni-Co-Fe^lUl^ 0 Ni-Co- 
F e H^JRiFtfjSlfct LT<i. N i , C o y F e 2 
0. 6SxS0. 9 
OSygO. 4 
OSzSO. 3 

«N i -r i chOftftttflL *>L<{±, Ni/ C 

Oy' Fe,' 

OSx' SO. 4 

0. 2Sy' go. 95 

Oiz' SO. 5 

mmu-tyy—^MR^y mk ixmxztimm 
mmt (ixio-5) &rri. 

[0 100] iM5^JiJftLT{ilnmJ^10n 

l < (2 2 n mJiLh 7 n mJJlT** X \>\ 
[0101] ©^®^JSaffli3 2 k LTii. CoJ 
fcttCo-Fe, Ni-Pe, Ni-Fe-Co^! 

(iCo-r i ch*fflv>S£i;#aaUi. 



[0102] ^Kft«ttJK3 1 1 LTJ4MF e 
2 0 4 (M{iFe. Co, Ni*>4»^{ift^iai ) L<{i 

2m^7tm)mtu\ ztiummmtv 

3S®tt fc/K U F e - r i c hfcjtALC o , N i - r i 
c hJittftTfiSmv^. XC o - r i c ht3ffimjj 

Gtftz^yR&m&vv. zti^mmtcommizj: 

<m^hHF e 3 o 4 z±&ttk +& t><wmt u>. 
[0103] xikmrnttm 2km.mnm3 1 x *) 

**H®a3, 3 A, 3B, 3CCI1 B*H;&tt#* 
£ < Bmjjiftk* o F e 2 0 4 i 1 tf># 

[0104] WMmw&3 1 *>ft38fci: LTfi. j£@ 
i 0 . 1 n m^*-^ 3 y h n-ykf £ «£- 

10 105] ±£(0«^ M*.{fFe 3 0 4 . MUIIC 
o F e 2 0 4 n^'7h^MTAr JjX 

%C0T^m*fXlz£ 0 X^y fitbX. Fe 3 O^Co 
F e 2 0 4 H«sapSrjRg3 y n-A^ffTffiT* 0 , X 

z^v?mftizm#zmt&m^tziibz^y? 

[0 106] B#t LTMFe 2 0 4 *^-y. y hfcfflv^ 

ttx^-^^xt^Eitri o%jaT*»aaLio ^ 
mt/zztoixwyfivnf^ mmmm&tfm 

[0107] a5ei3<ojsijotmt ixn. mmm 
32k tnwffimmmmm 3 1 k ixm^z z k 
ificsi. znm&. Mimm&mk ixmuzx^v 

t**. *ffcAK«f!Ml3 2i:LT. Co-FeJl^ffl 

v c o - f e - omtzmmttmm3 1 
[0108] ;cot # . ^Mttii3 1 mmmk 

KttM3 2^^LTi>t^T. &g&£ttl£3 2 

mi. ryx-?mmki±. m%i~v>^-*xm 
[0109] e^kffiii. *«R*-«*«fc»jw 
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m?)m®i>fc<o. £<omti<it. m^^>;<-iz± 
-^%<m®m®KZit&wzm%im?$> * . 

[0111] 7itl})lX°li%:<4 *y*m^xi> 

$Mmmitt?>zttfX'Z&. j *>mt ixiz, m 

vff v ^00 VJJIT. L <tt 2 0 0 
[0112] aSg«3<0^*<0JKjWi 1 nmJiLt 1 0 n 
[0 1 13] £fc. MRJt£3et*&< 3$ 

•^ftfeWsHRtfybN i - r i ch^l,^ ^ft 

tt»4fc«tsaiflf5^#iB«ffiifc«Co-r i c 
h£ffll,\ -ttfXfittN i-ri c hfct&fUflRBIStf* 

ti£$& o Z 1 & < iSjM RJt t ; t m&X'h f> . 
X03^^jtt1ii*S5^*^t{i±|fi^N i - 
r i ch*fflV^a«tS4i:«#iifc{iCo-r i ch 

&cox\ #BBaaM<oii«i2nmjaT, a*L<a 

1. 8nmflTtf§^S| ) j ( afc£*DJBiiKttJB 
ifimizm< JtftfcJi. ^< 1 1 0 . 2 n mJ2L£e« 
gte&B*Cifc 0 . Mlfe L < a 0 . 8 n mfiLtolRgW j; 
V>. #HiaEtt«W««fc LTtt, CoaJtttCoBJMf 

[oi i4] 04^1 im&m33wmi 2, 
^mv&mmati<* c u , a s , Au x%^ 

#ffi*5SM^£lk&><5,iiRu, Rh, Ir, Rel 
««a*««tOM4L<. *JfcRu*<»ro^ HH4 

t\ ^t«ttH3 1 kmmm3 3 1 commit 
m&co&mmmt ixa. c 0 - r i c ho^JBJSis 

3 *^L^_o«i8ft!H(»ttK3 1 comcr>mteHtm 
itthztmmx'bt. 

[0115] n&m5tm%.m3<r>ffi<nmmm4tL 

Tl±, Cu, Ag, Au, Ru #(;Cu 
#»ITV^. IN8tt®4«ffigi: LTfi. KttJfUo 
ffl£ffffl*a<f*fc»C^5r<fc<,0. 9nmJSLhii 



LT L4 0 VX-mmi 1 0 nmHT, I4L<li3nm 
OTfct^S-C&a. Xi(^N«tt«4<OKJS3&i3n 
m£lT«WB^Ii@i-H3<^l«t:ijv^T. 3BK1jK» 

*att»4-C««Wfcjr>«§fiTv4{i1 t <0Z 
(^PC»ffiR3 2 1 SeM5 ) OHOgftft 

■catMi/KHsiM <7)#M?>i!!ia«i 0 . 5 n mjarc* 

[0 1 1 6] mmitlXte. ffyX^ MgO N Si. 

a 1 2 o 3 -t i cmmmmntiMffy^mzhcrizm 

MR^-y Al 203-T 

[oii7] %&mL%Kt z mm&mt lt« 
ions] a±ifi^yt 1 0 fttt^araffifiB^ 

#S. 01 4A{cMRA > - y Yffy-mt LX^~ KJ^A'-f 
7^I«MR\ 7 H l 4 0 0 Atf>*dfc)-fl£^. 0 
1 4 Af(iM R3R^ 9 <4±»*j i tn^^^P 

^H^.y7^ftfC{i, A 1 2 0 3 . SiO K A1N 

[0 1 19]±a5fcj;yTg|5^-;PKiO, 1 5 t LT 
JiNi -Fe (-Co) , Co-Nb-Zr , Fe- 

t a - ^mmmmmtimhiih . n i - f e 

(-Co)Ii^^at«T'?. Co-Nb-Zr 
ayilfcfcttfcWu a*tt<?Dlfi!(»tt3&igH. Fe-Ta 
-NaMiAjMMKifc|j|<, _t^^ (ab) 2 o x ^j; 

■5 fc^^*m^x'&m-h>&m<nhhMimm»u 
[0120] M.Rm?9<rsmamM±^ c 0 -pt^ 

mw\- KJKJ: OfiKSA- haw r^gpi 2tf>A-f r 
MR*F9tt5/-;PH^ V 7"l K 
14C«toT^-^Kl0, 1 5^^$iiTt>0^ 
U-Kg|513^LT«^alt l rttJ;0. MRff 

[0121] #*coa- Kt ^ K5-f fntttgHk 

fc. MR*f9£«<-*-ft£Bj&f&r^ ^<t^20 

0 ttTap^-yp 7711 <7)-gffi t i 4 z b ifi 
[0 12 2] afcMR*?9fciilvCli. S4|«|(t 
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Hi. , 2, 3, 4^a6*5^aMfcSS«±, 

fa-f«ff * iRifcStt 1 2rS i -3 1 . 3 aft 

[0 12 3] 01 4AKjSLfcke>JiA-hV*-f r^gf 
12*#tSt<0T*S*t, Hl4Btijrfk?)fi^t 

S» aSMg-ffctei: t&i^S'—^K^'y TASK'S: 9, 
a- HAM rxgp 1 2 a»6tf)»IWS'-rt' H»t«JR3 

A<ORBH8tiK£*5r* t,<ofc UMIfl 4 0 0 B 
| i^W< l WitfMR*F9fe:aPtMnjRiR 
5S«tt^^rx«l 2A{;{± I rMn^fcffiJB-J-ftHr 

[ 0 1 2 4 ] &fe\ £Lt(ift*0«SGMRA., y Hfco 

[0125] *^Hj^j^^. y H^)-^Jt LT0 1 4 
A. 1 4 BC0i*—)imtltm3-7M^-y H 1 5 0 
O£01 5fc5r*\ Hi 5fc*Hvci 6liMR#F9|C 

4fc#>. MR»^9fc^ 3 -hU=5rtap{Cie^igl7 
flSftW-fcfl*. X.I?yvy h'l 5 0 0(43-^1 6 
v >6fctf>*K"C{i@ l 4 A . 14B0)?4 Ttfyvy H 1 
400A, 1400BiO*Sj&«, H14A, 14Btf> 

1 5 Cy-;P Y*?\ y TWzMRm? 9 

[01 2 6] ^^.^coam^-y K14 00A S 14 00 

^ v k m^x h d D^oaaiEfiaef 1 . a o 

G b/ inch 2 * J -3 &fittft&«£iiHg£giI 

[ o 1 2 7 ] hi i\t*mmmffi&i5mf±m^ 
tzt^mm-mxhh* y 1 7 o on*% 

22, wsmamm*9kw& 

2 nz x^^jxtzmmmmm (±>zm 2 

*>_LTte*S2 1 ^ttifliaKot^^LT^SMK 
[0 128]@fcfcvvc'7-Ka22K:©5£au £ 



*LfciOH41-sa»fcJ:0. 8*^^11*^9 cog 

ms.v~ m 2 2 fc^a^sE lt e &jg 5 ^k^Kis 

g A® 5<?)iM«^ S-fft \ II£J| 3 1 vsmann 

[0129] IMV^ifflmftVfetZim&ffiZtL 

mmm&x'hzv, r 7-h"H2 2^^atT. ia 

€13 fc SAJB5 fc»ftRKiie;t1B#*«4S-fr 
ffl£fl 3 £ffiffi*£g L , g^ffi K« 2 2 fc± 

iB «t 0 ^«Sg£SK L X . mim 3 cDJ&flMJijg- $ 

0" 1" , " o" ^*^f«uf^NK«isg»ajL*« 
[0130] zKmmm^ mi 1 1 0 0 

tTX(i\ PJrffMRAM«!t£*l§ 0 iCOMRAMlif 
[0131] 

[0132]^ (^sim 1 ) £tcx;\> ^ y y^mmzm 

^xmite7rsLtzffim^mimmmm2<m^M% 
mmmTtmit:. mims i ^«v\ m 

tt«4fflt LTiiCuS:. g6«5ffltttNi 0 . 68 Fe" 
o.ioCo 0 .i 2 ^±fcffiv\ @^3<9&fKKf£K3 2tf 

LTCo 0 . 9 Fe 0 ,,<r)^-y 7 hiffiv^/s. 
«8 3 C7)^«ffil 3 1 mzlt CoFe,0,|fflO 
Jt. SS-f +Wn*-fU: 1 x 1 0" 8 To r rlXTtXW 
%Ud£. Ar^^O. 8mTorrt*4J:at 

T&ttmtt:. Xtt»<0fc»CoFe,O 4 ^fflV^!SrV>fie 

[0133] SW^IA N i F e C o ( 5 ) 

/Cu (2) )/CoFe (2)/CoFe204 
(5) 

-5) 

oizixfmLtimmm^micoMRmti 

MMX-Mlm, 2 0 0k A/m«ffi# ^EpnTLT. iCSWif} 
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i^T'iFtt Lfc . ^CD&JIM RJt# 1 6 %t \ M 
i&lZb fcJSSfi Lfc . C o F e 2 0 4 £fflV \%K xfe 

msmmw^tfizz < . wmth i o%* 

CO l 34]^ (£ftft|2) ^Tcxv^y^yy^a^^ 
WCH 1 fc*L^mommg^*S^ 1 0 0 £fER 

Lfe. ssi (etas i *fflv\ eHCnnEnKt!W2ffi<o^ 

-^■y hWiMISUcNiO. a-Fe 2 0 3 . AB0 3 
(A = La ; B = Fe) y F £ LT P 

[0 1 3 5] «tt«4 lffltUliCu^, g^S5 
fflfcliN i 0>68 Fe 0 . 10 Co 0 . 12 £±fcffl|,\ £eM5 
^#iffl8ttJ^fcH^3<0AIS«ttii3 2fflfc LTC 

1 X 1 0-*To r r&Ti-CfiBRLfcft, Ar 
#*£»0. 8mTorrtWJ:5taLm^ 

^^MS^^S-? £ ft® Lfc. XifcK^fctt F e 3 0 4 

aeSW^yr^A NiFeCo (3)/CoFe 

(D/Cu(2)/CoFe(2. 5)/PtMn 
(20) 

&*M-9->77PB NiFeCo (3)/CoFe 

(D/Cu(2)/CoFe (2. 5) / I rMn 
(15) 

«*Mf-V7°^C NiO (10)/a-Fe 2 O 3 (2 
0)/CoFe (2. 5) /Cu (2) /CoFe 
(1) /NiFeCo (3) 

f^M^T/l-D LaFeO 3 (40)/CoFe 

(2. 5)/Cu{2)/CoFe(l)/NiFeC 
o (3) 

USSW^VH NiFeCo ( 3 ) /C o F e 

(1) /Cu (2)/CoFe (1)/Fe,0,(l. 
5) /PtMn (20) 

t&Stfty7)V2 NiFeCo ( 3 ) /C o F e 
(D/Cu(2)/CoFe (1)/Fe,0 4 (l. 

5) /Ni FeCo (3) 

mmV>TlV3 NiO ( 1 0) /a-Fe 2 0 3 (2 
0)/Fe 3 O 4 (1. 5)/CoFe(l)/Cu 

(2) /CoFe (1) /NiFeCo (3) 
H»J^>-7 0 ^4 LaFeO 3 (40)/Fe 3 O 
4(1- 5)/CoFe(l)/Cu(2)/CoFe 

(1) /NiFeCo (3) 

mi tiz±Tm<7)m?$>i. taisssm^tN i f 

eCo (3)/CoFe ( 1 ) i'lMSC^L, ft 
«WyrM-DfliC o F e ( 2 . 5 ) «£«3 
fcWJSU S(M!ty7/H-4tttCoFe ( 1 ) / 



F e 3 0 4 ( 1 . 5 ) aTOS3fc*fl&t£. 
[ 0 1 3 6 ] ; o fc LTfHR L^«SaS«3l»^R^- 
<9MR!f$tt£gjBrSS2 0 0 k A/mtoa^Epnrt 

pfc U ffl£&5& (^1 ) fc^Lfc. 

[0 137] 

[fill 



8*4 


MRib 


Hp(kA/m) 




8 


80 




11 


40 


aaE«tt^^* c 


16 


20 




12 


45 


H«6fi|y^^ 1 


13 


80 


3?iS1Slt>:>:7> 2 


14 


40 


*Wlt>>^u 3 


19 


40 




15 


50 


[0 138] (HI ) fc^UfclHfc, 


&&&*)mmvy 



[0139] mmm 3 > utt^v 1 1 Hunt, 

m?2 0 0 fcfflRU:. i«W6liA 1 

•y h fcfflW AriO 2«S£#*£ J: ^^a' 7 ? 

fci oa 1 2 o 3 is*fNBLfc. 112^-ri: omm 

inffl^m^ 2 0 0 £f£H Ufc. 
[0 1 40] mmn^-yr)V5 PtMn (20)/F 
e 3 0 4 (l. 5)/CoFe (1)/Cu (2)/Co 
F e ( 1 ) /N i F e C o ( 3 ) /A 1 2 0 3 ( 2 ) 
WtffiW->7-^6 A 1 2 0 3 (2 ) /NiFeCo 
(3)/CoFe (1)/Cu (2)/CoFe (1) 
/Fe 3 0 4 ( 1. 5 ) /I rMn (15) 

Lmmwrynv 6 im 2 1 imaHm t^x^ 

tt*^a-Cft» 2 0 0k A/mtfHaBte 9JBT LT . BflS 

a©ts»**2fcisufc. 

[014 1] 
[f§2] 

K* MRib Hp(kA/m) 

3fcteffltr><7\ii/ 5 15 80 

[0142] (m2 ) wisst * 1 coHM^yr^ 
[0143] (£jtfl4 ) &itznv 9 U y^BSrffl 
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OOA, 7 0 0£fNKLfc. £«lfc:J4Si*JBV\ 9 

A. 5B«OA»KffiS5 1fflfcttNi 0 . 68 Fe 0 . 20 Co 
o. 12 Sr. Brff^NSttll 5 2fflfctt F e s 0« £ fflv >fc . 
[0 144] H5B<Dl!£Jf 3ffl{CJ2Co 0 . 9 Fe 0 . 1 t 
CoFe t 0 4 tfD8fJfJRifflvv 07<?)ffl©f3DfflfcC 
Oo.gFe,,.!^ 4 £ WUg£ftflM JB 2 ffl \Z a - F e 2 

[0 14 5] «Sf-v^<-rt*lxiO-8Tor rJJt 
Titfi^Lfca, Ar^Sfio. 8mTorrt4 

&$m^x, TMoffifcomnteimzkm^ 5 0 0 b , 

7 0 0£ft*U:. 

[0 1 4 6] ^fSM-»fyT;P7 CoFe 2 O 4 (5 0) 
/Coo.gFe,,.! (2)/Cu (2)/Ni 0 . 88 Fe 
0. 20 c Oo. 12 (4 ) /Fe 3 0 4 ( 1 ) 
ni>WW->T)lS «-Fe 2 O 3 (50)/Co 09 F 
e ».i (2)/Cu (2)/Ni 0 . 68 Fe 0 „Co 



mmivyjjb 9 



MRtt 
16 



Hp{kA/m) 
60 



'o. 12 



(2)/Fe 3 0 4 (l)/Ni 0 . 68 Fe 0 20 Co 
0.12 (3) 

0 0 tf)M R#tt£SMtiS 2 0 0k A/mCOmmm 

fcHpfcU 38£f£K£ (*3) fcijtLfc. 
[0147] 
[S3] 

MRtb Hp(kA/m) 
:M 7 12 35 

»JM(tf>^8 13 40 

[0148] (S3) t^L^HptO#tt^tat#-r 
6 fcttffljg* 3£Ru 3^?HKttjR£rt LT^J^-g-L 
fc«ttK£ Aft ^ £ t S . 

[0149] zni*&mxmm3 1 wmwiffistt 

&m SBCNiFeC ofteffllvCHitf, C o F e 
[0 150] ^S^fcJSfc*-^ hCRufcffl^ 

[0 1 5 1 ] mm$Wyy)V9 a-Fe 2 O 3 (30) 
/Coo.gFeo.j (2)/Ru (0. 7)/CoFe 
(2)/Cu(2)/Co 0 . J Fe 0 . 1 (4)/Fe 3 0 4 
(1) 

Mffiz-mm 200k A/mioawsBntr lt . es4 « 

(314) fc^tfc. 
[01 52] 
[#14] 



[0 153] £<Oj:3fcMRJfckHpkJgfci£# , C$& 

[0154] {mmm 5 > £7cx'<? * 1; 

0. 80 0£fHRU;. «Rlt(4S i £JHl\ 

'vhtL-C^ttS4fflfcL-C{4Cu&. SeM5B?) 
A««ttK5 1fflt:(iNi fl . 8 Feo. 2 i:Co 0 9 Fe 0 , 
^tMttH5 2ffl{C{iFe 3 0 4 &ffl^jt„ @7c9 
ffl&fl 3 DfflfcttC o,. 9 Fe 0 ,,t fiEtftEUKCTHM 2 
Wia-FejOaifflW H8fl)H©l3 BfflKC o 
o. 9 F e „. , F e 3 0 4 2 ffl^ P t M 

n£. t£ PtMnfcltl cOf^S' - y 7 rft IXT 
a ^Vt. KSf-^yA-rt* 1 X 1 0-»Tor rJJl 
Ti*CSBStU:fiL Ar^ftO. 8mTorrt4 

[o 1 5 5] mm*r>y>i>\ o «-Fe 2 o 3 (5 

0) /Co M Fe u (2)/Cu (2)/Co, 9 F 
eo,i(2)/Fe 3 0 4 (l)/Ni 0 . 8 Fe 02 (3) 
mmm->T)Vll Ta(5)/PtMn(15)/ 
Co 0 . 9 Fe 0 ., (2)/Fe 3 O t (l)/Co u Fe 
0.1 (2)/Cu (2)/Co,,,Fe il (5) 
WW" >77H 2 Ta(5)/PtMn (15)/ 
Coo. 9 Fe 0 ., (2)/Fe 3 0 4 (l)/Co 0 , 9 Fe 

o,i(2)/Cu(2)/Co M Fe 0 . 1 (2)/Pe, 
0«(1) /Ni M Fe u (3) 

£&?ftA 2 0 0k A/m<mRZ m LT , « 

(315) fcijsLfc. 
[0156] 
[315] 

K» MRJ± Hp(kA/m) 

miEfiij+*v^u 10 20 40 

11 17 50 

12 19 45 

[0 157] (HJfeM6) #7EX^'y^U>^iia*ffl 

[0 158]3HRlfcttSiiflav\ #mtt«4ffltL 
TliCufc, SAi5fflfcttNl 0 . 68 Fe,. l( Co, 12 
*±fcJHV\ HSl3A<9&iIKttB!3 2flJfcl/CCo 

'fcliFe 3 o«£fflvvt. j|£f^y 
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A-rtHxiO-'Torr MT± T« Ltzlk. A r 

[0159] mmmVTtV 13 NiFeCo (4) 
/Cu (2)/CoFe (2)/Fe 3 0 4 (2)/Ru 
(0. 7)/Fe 3 0, (3) 

mmW>7)V\ 4 NiFeCo (4) /Cu (2) 
/CoFe (2)/Fe 3 0, (2)/CoFe (2)/ 
Ru (0- V)/CoFe (2)/Fe 3 0 4 (3) 

-coj; ^LTflm*8tmffi^ll^^R#tt£ 

MST'fe2 0 0kA/m^^^EnnrtT. ES4« 
^SrC'IML*:. $J5agJ|£ (*6) tzmit:. 

[0 160] 

[H6] 

MR lb Hp(kA/m) 
MflV^^i; 13 13 20 

JtttHtfv:?* 14 13 30 

[oi6i] *d&MRjt#w§T\ ifcintew-^r 

[0 1 6 2]§!»0W->77H3, 14c0Fe 3 O 

4 (3) fcjgtgH«JWl& uPtMn ^ftjtrr 

iCkteiOHpJl. **i**uB6 0, 80kA/mt 

[oi63] mmm > ^t^B^nM^ yr^ 

1* 5, 1 0O^ffife&mH-?^MR^9t LTffl 
^T, 014ACj^f t k3&MR>\.yFl4OOA£fli 
$LT, #tt£H*«Lfc. S^tLTJiAl 
2 0 3 -TiCfflR*ffli\ v'-^HlO, 15#(C{±N 
i(.8Fe 0 . 2 ^Il\ ^-^H^r-wTll. 14 

[0164] £jfc A- h'y^ TXU 1 2 KfiC o-Pt 
£££fflV\ U-H*13tAu-Cfl|«Lfc. 
[ 0 1 6 5 ] ifc . g&Jf 5 ^€^^f&I^tt^ 

*#P£f&fc«, a»+2 8 0r , CSBy!KIl,r 

@Sfl3«^Jr^«^U^ St, 2 0 0°CT^ 

mix, um5cr)mmm^Lxfi->tz. 

[0166] Z.tit><ry\y *yzwg[k LTtts£ 
*a£«U ^kA/m^afl^KI^ElX&ilLTA. 

[0 167] 
[*7] 



H-A 
HlfePJ H-1 
Jt*fll H-5 
HJfeffl H-10 



A 
1 
5 
10 



mmtt (dB) 
o 

+4 
+5 
+6 



[oi68] zvmz&tfm&'w mft*0)i>c7)iz 

[0169] (mmms > jq&m 1 1 ®m<o-%mx\ m 
3 t/K-rr *T)vmm<7)®smmm=?-3 o o £fmL 

[ o 1 7 o ] mm* >y>v\ 5 ptMn (20 / 

Fe 3 0 4 ( 1. 5)/CoFe(l)/Cu (2)/C 
oFe (1) /NiFeCo (3) /CoFe(l)/ 
Cu(2)/CoFe (1)/Fe 3 0 4 (l. 5 ) /P 
tMn (2 0) 

9mm>T)Vlt> NiO(10)A-Fe 2 O 
3 (20)/Fe 3 O 4 (1. 5)/CoFe(l)/c 
u(2)/CoFe(l)/NiFeCo(3)/Co 
Fe(l)/Cu(2)/CoFe(l)/Fe 3 0 
4(1. 5) /I rMn (15) 

Ja±««susa3»^i^ lt , mmm 1 1 
[0171] fona^8fc^r. 

[0 172] 
[S?8] 

MRlfc (X) Hp(kA/m) 

H«fe#Jtf:>:7;i» 15 22 80 

MMHtf 16 28 40 

[ 0 1 7 3 ] HJ: Oli^T^&MRJt^W t>tib £ t 

[0174] (mmm9 ) iiaonjs^yr^ 1 50 
MRm^m^zmi 5tssw:3-^\.yFi 50 

0£fl=8L)fc. zmmisawmn&tTyX 

"?iHfcffiTtf*l,fc*3 2 nmOA I -OjBllHfc fflU 

£. X3— ? 1 6 ttiiSSH^OC o N b Z rlTt/t- 

^tt^fclWJl ?)g| 1 <7)^M-9->77PAOMRS : ? 

[0175] (Xftft l 0 ) Stftft 1 1 P»0^^ * 

0 L/c. £ m 1 fcttfHBtett 1 0 0 n 

a. S*»5fcJ;tXEI««3B<7)#JillttJ^3 2t LT 
C o,. 9 F e 0 . , . ^NSttJR4 tUCu ( MHllgJWJ 
!2fcLT, Pt 0 . 6 Mn,. 6 R*fflv^. 
-I^IS: 1 x 1 O-8T0 r rHTi^a«L^ 
&5lLa#&Ar#*£tto. 8mTorrt44J:a 



<Z5) J01-237471 (P200 1-23JL8 



fcSUtSrSttU:. irmLl±£Ta (5nm)J!£ 
»JKL)ta, SlKOXSfcL-C, e*«5Co,. 9 Fe 
o.i (2nm) , #»ftJl4Cu ( 2nm) N £JiE8tt 
f|3 2 C o 0 . 9 F e 0 . j ( 3 n m ) £xyf.y ^ftTII^ 
JSLfc. SS2?)XgfcLT. V^fc/Cx^^ft 

UT£*Bfl«3 2i:l/CCo 0 . 9 Fe 0 . 1 (2nm) * 

[ 0 1 7 7 ] § mmimt ix, mttmm 

JB2k LTPt 0 . 5 Mn, i5 (20nm) M&X\ 0 y?»J 
Tl k Oe<0»»SWiBL**J4», 2 6 OWfi5(;3 

2 (OTMm^vxmt±<mmmryr>v 1 7 1 mmz 

f0178]^|ftffiWyr^l7 Ta(5)/Co 
••9 Fe «.i <2)/Cu (2)/Co u Fe n (2) 
/Co-Fe-O(l)/Co 0 . 3 Fe u (2)/Pt 
o. 5 Mn 0 . 5 (20) /Ta-0 (3) (Co-Fe- 

ffi*M-9->7VPE Ta(5)/Co 0J Fe 0I (2) 
/Cu(2)/Co 0 . 9 Fe, 1 (5)/Pt 0 s Mn, 6 
(20)/Ta-O(3) 

v±i±±mmm3 2mit^z>-mtLx. 
1 0 1 7 9 ] lajiwfcfe^Mixjt^fctt^ m ixg 

xximxix. mmmmmixmmm^yy°;ii 

7fcRfit N Coo.gFeo.jJlO^ffil nm£i§-ff:£-£ 
fc. <fcfc*2?-r ^-fcStfi X 1 O-8T0 r rJilT 

^W^7VH7i:^<|iItm^#feWyr 
[0 18 0] 75Xv|WkS^v^«^ttt, gjfcft 

-9->t;h 7 km®0%%rcfti&u zm. mom 
nt tx^y^~m\^tzm%Lt^ 3mTo 

te 0 . 0 1 W/ c m*0 r f £ Epfln LX±W,Wm 
*BfiBKk5*t. x 1 o 



s. mmmx. mmmyrni 7t£<mtm& 

*mvt. micomixn^<mmm^-yy°)ui 7 1 
rnmi^m. m2coxmtix. ^^y^y^onz 

tf-X&O. 5 s c cmgLt« 4 •*y$yWZ7yX~? 

2 XlO-'Tor r\Xfb%t 
S3, 3S40X&, J^afcgT HJS 

w^vt- 1 7 1 £< n mmmmwyrn 2 0 * 

f&SUfc. 

[0182]^ iMawaMBtm-r^^i: lt 

t®tmxmimi>mitz. z<r,^ 

tt, »l^XSr^R«ftRCoo. 9 Fe 0 t (2nm) 

8 : 2<Dm0rT0. 8mTor rt^TfALTC 
°uFei.i (2nm) £Xy\°-y ? y y^XxC o -F 
e - 0$IS:i3J21»ijHf >t,P 1 7 (s| tJ93 J 
■3fc»J«LJt. f<oai4HltPW>7-;n 7tl^«fc« 

£<® tm^mmm^ynv 2 1 i, & . 

[ 0 1 8 3 ] ;«J: 3 fc: LTfm Lfc*»»^«saEa: 
Sr. MST4 0 0 k A/m^H^epHTL-T® 

[0184] 
[fS9] 







Hp(kA/m) 


JWfllW^ 17 


13 


78 


*JS«y>^u 18 


13.5 


60 


**fltf>^b 19 


12 


75 


20 


12.8 


70 


^tefiyy^^i; 21 


13.3 


68 




8 


75 



[oi85] ) 1 0 Kv *mmm 

[0 186] (**W1 DHHMiokrafito^^ 

^•j>^^s^t. 01 oiz^?wmmm=F 
[ 0 1 8 7 ] a fc s fratsaacHLTfc. xum&# 
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mm$* mi t ixammmos i , mm 5 

fcLTNi 0-8 Fe 0 . 2 /CoWa^ m^m3Btix 

Coo.sFe^/Co-Fe-O/Co, s Fe, ,jR 
«ft0«IWW«2tLTPt o . 5 Mn o 5 JH£fflHT & 

WiX\ Co-Fe-OI^U. ;«0i3{=L-Cff 

x-mmitz. 

tO 188] ^3£3l£m 0(3jr*\ 
f0189m»i-9-y7VP2 2 Ta(5)/Pt 
o.5Mn 0 . 5 (15)/Co u Fe u (2)/Co-F 

e-O(l)/Co 0J Fe u (2)/Cu(2)/C 
o(0. 5)/Ni OJ Fe 0 . 2 (3) /Ta-O (3) 
( C o - F e - 0 WJWKiRftf £ BUT* LXhh ) 
mmyrw Ta(5)/Pt 0 . 5 Mn o . 5 (l 
5,/Co o.8 F «u (5)/Cu (2)/Co (0. 
5) /Ni M Fe 0>! (3) /Ta-O (3) 
[01 90] 

imi 0] 

MRJfcW Hp(kA/m) 

HitfiH^V^u 22 15 67 

fiES5fllt>>7> F 9 66 

[0191] (£10) frtthfr&kolz^ftaflcrg? 

mm y?>v 2 2 Jtfmw-yr^F fcit^T m r^ 
[0192] (&jtft l 2 ) Hftft i o t mnwy 

?v>r$m*mux. miiAiz^mmtmrn 

¥1 1 OOAfcf&SU:. Hi 1 AJi. ffl©!3C#n 
m«l7z'J (synthetic antife 
rro ma gnet)lI|:L T ^A tM( m 

i ax\ mm 3 3 tjijiSR u m^tii . ^ 

fflR3 3#0. 4nm-l nmOMffC0K5f, £fifc«L 
£4X»ttK 3 2 fcR3te»tt W=5rS8MS^&^ t S C 
«>^«S^«IHi*firfc:5tv ts@H£v 3 C ^ 

w«^t^<«„ ai iA0B*oHt*ft£x 

3 3tmihm^cr)x\ znwttmitxntf-m 
gfoitixmimmcosi, s&nstixm 

o.«Fe u /CoSi«. ISS«3CtLTCo 0 9 F 
e 0 . 1 (2)/Co-Fe-O(l)/Co H Fe n 
( 2 ) iL &«£«J«2 fc LT I r 0 2 Mn 0 s Mt 

wia-Fe 2 o 3 mm^x. UTmmwsmm 

[0193]^ ZWfe^ mmyrjll 7m 
iC7yWy5:fo^X', Co-Fe-OMi 



2 4 itt$^£WclM»ffigt3 2«^u^ W ^y 
* (*l l ) (c^. 

[0 1 94] mmmy7)V23 Ta(3)/Ni 
o.sFe 0 . 2 (5)/Ir u Mn M (10)/Co 08 
Fe «.i (2)/Ru (0. 7)/Co, 9 Fe 
0. i (2)/Co-Fe-0 (1)/Co0. 9Fe 
0- 1 (2)/Cu (2)/Co (0. 5)/Ni 0 8 
F e 0-2 (3) /Ta-O (3) 

( c o - f e - otojijf imttitsrt^Lxhh ) 

%Wmry?)V2A «-Fe 2 0 3 (20)/Co 0 9 
Fe «.i (2) /Ru (0. 7)/Co 0 9 Fe 
o.i (2)/Co-Fe-0 (1)/Co 0 9 Fe 
o.i (2)/Cu (2)/Co (0. 5)/Ni 0 8 Fe 
0.2 (3) /Ta-O (3) 

ft*0W-V7VPG Ta(3)/Ni 0J Fe 02 ( 5 ) 
/Ir «.» Mn u ( 10 >/Co 0 . s Fe n (2)/R 
u (0. 7)/Co (iJ Pe,. 1 (2)/Cu(2)/C 
o(0. 5)/Ni 0 . 8 Fe u (3)/Ta-0 (3) 
[0 19 5] 

imi 1] 

K*« MRjfc(*) Hp(lcA/m) 

*fcmyy»23 15 too 

Wt«tf>^i;24 18 60 

Htmmv-jzfjv G 9 9 5 

[0 196] <mil)ipt,b»i>Z?£ s *ftf!fi(vx 

mmv?)V2 3 . 2 mmMv>T>\,GizttKXM 
io±#^MRjt^mtii.„ 

[0197] ($f|ffl 1 3 ) iJcfcia 1 0 fcjj* LfcHMto) 
K^ffifiKfr*^ 1 0 0 0 £ , gftfl 1 t H«tfD^ 

xm^-MB&Hnm mt) vmzTwz 

* . **M!lT'lig 5 <09tttffiH2: LX C o fl 9 F 

^immd 1 1 iFe 3 o 4 m&m\ mm 

3 Bo&mms 2 tC o 0 . 9 F e o. t ( 2 ) «, HMk 

RTOJ«2fcLTPt 0 . 6 Mn 0 . 6 (20) 

[0198] £ttftft- >77l^2 5 Ta(5)/Pt 
o.5Mn 0>5 (20)/Co 0 . 9 Fe 0 . 1 (1)/Fe 3 0 4 
(1. 5) /Coj.jFeo.! (2)/Cu ( 2 ) /C o 
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o.gFeo.! (2)/Fe 3 0 4 ( 1 ) /C o„ 9 Fe 
o.i (3)/Ru (0. 7)/Co u Fe 0 , (4)/ 
Ta-0(3) 

^ttM^yr^2 6 Ta(5)/Pt )i5 Mn } , 5 (2 
0) /Co M Fe 0 ., (1)/Fe 3 0 4 ( 1. 5) /C 
°«.9 Fe ».i (2)/Cu (2)/Co u Fe 
o.i(2)/Fe 3 O j (l)/Co H Fe n (2)/ 
Ru (0 - 7)/Co 0 . 9 Fe 0 . 1 (3)/Ta-0 
(3) 

mmyy/M Ta (5)/Pt, 6 Mn 0 s (2 
0) /Coo.gFeo.j (3) /Cu (2) /Co, 9 F 
e 0 .i (5) /Ru (0. 7) /Co„ 9 Fe, , (4) 
/Ta-0 (3) 

MRSH^LTfflWC. ai4Afc^-TJ:a*MR^ 
■fKl4 0 0A£<MLT. 8tt£ff«Ufc. 

S«tLTttAl,0 8 -TiCS|E^v^ is-fr 
H10. 15fftlJNi 0 . 8 Fe 0 .^MW\ 
K^fyriU 14fcliAl 2 03£JflHfc. 
[0199] i*vv- hV^ TXgpi 2 CliC o-Pt 

&m&ftm. t-r. m^2 8ovxwmtx 
mm3<7)mm^m^.Ltz^ jst. 20 on?* 

I 0 2 0 1] Ztlt><7)<\y r :> -tyx«Mt Lrea 
*S£SEL, ^3kA/m«3cSft-^ic8^^EPillLT^ 
•fK^aiSjSiFfllL, *S6 H J<7)MR^jffli,^MRA. 

[0202] 
[Hi 2] 

mm h-h h 0 

Sifcl?] H-25 15 +6 

**9l H-26 16 +7 

10 2 0 3] i <0«*c*5BW«fi^ ^ Kttfiytoiofc 

[0204] <$ftft 1 4 ) fcfcgl 1 1 Afcjfcifclfia 
^«M*l2!Jj|*^ 1 1 0 0 A £ . HtfeA 1 1 |Sia^ 

fc^rf. -^^k«14Ji3lttFe30 4 Ji^ffl 
^ &SMl3 2f;:Co 0 . 9 Fe 0 . I JI. fflteWl 
S2tLTPto.5Mno.5Ji. «tt«4iLTCu£ 

jbk im&femmmm 3 3 * lt r u s- g^gH 



1020 51 mffir>7j\,27 Ta(5)/Pt 
0. 5 Mn 0 . 6 (15)/Co u Fe u (2)/Ru 

(0. 7)/Co 0 . 9 Fe 0 ,, (2)/Fe 3 0, (1. 
2)/Co 0 . 9 Fe 0 . 1 (2) /Cu (2) /Co, 9 
Feu (2) /Ta-0 (3) 
mmm^yr;\,28 Ta(3)/Pt 0 , 6 Mn 05 (l 
5) /Co 0 . 9 Fe 0 ., (2)/Ru (0. 7 ) /C o 
o.9Fe 0il (2)/Fe 3 0 ( (l)/Co M Fe M 
(2)/Cu (2)/Co 0 . 9 Fe c , 1 (2)/Ta- 
O (3) 

mm>7A,I Ta(5)/Pt ( , 6 Mn,, 6 (l 
5) /Co,. 9 Fe u (2)/R u (0. 7 ) /C o 

o.9Fe 0 ., (2)/Co 0 . 9 Fe 0 , 1 (2)/Cu 
(2) /Co 0 , 8 Fe 0 ., (2)/Ta^O(3) 

z*>*okixmitiMRm-&m^x* mm 13 

C0206] Zilt><7)^y Ht, -tryx««t LTttS 
"SS L . « 3 k A/m^)3£ffim#fit»$- Effijn LTW 

KLfc. **>*ISI£ (£13) fcs^-. 
[0207] 
[*1 3] 

H-I 
*«50J H-27 
£ttft H-28 



I 

17 
18 



0 
+8 
+8 



1 0 2 0 8 ] mi $ iz*mm%^y mmntco 

[0209] ZOffiM^-y h'1400A s 1400B, 
1 5005-ffl^TlSll 6iZ^ltzmmUDD^y^y 
IGOO&mititZL 20Gb/i nch^Xt 

[02 10] (M»jl 5) Kfcgfcm3fc 14tf>« 

Js*flw*^Hi lAK^Ljt^^at^ijaji^ 
nt lt n i 0. 68 f e o. 2 c o„. , mam 

ttil31hLTJiFe 0 . 8 Al 0 . 2 , Fe, 8 Si, ^ 
~¥"s htZPB^XRl&ZJIy meAlO, FeS 
i OHfc LfciOfcfflK ^JSilttli3 2tCCoo 9 F 
e 0 .i)S, MK!|KfflI$iJ*2tLTPt 0 5 Mn c 6 jR 

^®ttg4 1 ixc u , 3tssa#^^NatttK3 3 1 lt 
[02 1 1 ] mmryrn,2 9 Ta(3)/Pt 
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o. 5 Mn 0 . 6 (15)/Co,.,Fe,. 1 (3)/Ru 
(0. 7)/Co 0 .,Fe 0il (2)/FeA10(l) 
/Co 0 , 9 Fe 0-1 (2)/Cu (2. 2)/NiOFe 
Co (3)/Ru (0. 7)/NiFeCo (2) /T 
a (3) 

mmm^>rjl30 Ta(3)/Pt 0 . 6 Mn, 5 (l 
5) /Co 0 . s Fe 0 ., (3)/Ru (0. 7)/Co 

" Fe o.i (2)/FeSiO(l)/Co M Fe n 
(2) /Cu (2. 2) /NiOFeCo (3) /Ru 
(0. 7)/NiFeCo (2)/Ta (3) 

U £*l&£Al 2 0 3 T«SiU:a s f<f)±lCCuJ;0 
KH2 2*aitr«S«Sfl3!l*^qE y- 
7 0 0*f&£Lfc. 

[02 12] "7-K*2 2fc*8teai/CNiFeCo 

/Ru/N i F e C o J; D^^iiils ^MLT 

«**»&&tfc. *fc7-K«2 2k:Ht55riftifc«a[ 

* » L . -by>t.|| 2 3 <VB8£ft& Mfc IX «>36fUi« 

H2 3 fcli^ffiKfffiSS&ft^fiais^ut. ; OJ: a ^ 
»#*>K5aKfi3frP9 fcffivvot* 1 7 0 0# 

mm 5 2 mx itzm 1 3 &«iaBM 

1 3 0 0 *S«i:t®H|^)C u/Pt R£#tt 

l£LTNi 0 , 68 Fe 0-2 Co 0 . 12 f|£^ s ftftiftflg 
tt»5 2fcttFe 3 0 4 K, *«WHtil3 2fc:Co 0 9 F 
eo.iffi. ^MWJS2tLTPt 0 . 5 Mn 0 5 jfc 

«tt«4 1 ltc u %m-$mmm3 3 

X P t fcfflufc. ffJSL,JtJ»«H!)«*jaTfc^rr. 

[0214] mmmy>y>i>3 1 c u ( 1 0 0 ) /p 

t (10)/Ta (3)/Pt 0 . 5 Mn 0 . 5 ( 1 5 ) /C 
°o.9Fe 01 (3)/Ru (0. 7)/Co 0 9 Fe 0 x 

(2)/Fe 3 0 4 (0. 6)/Co 0 , s Fe, , (2)/ 
Cu (2. 2)/NiFeCo (2)/Fe 3 0 4 ( 0. 
6)/NiFeCo (1)/Ru (0. 7)/NiFe 
Co (2)/Ta (3)/Pt (10) 
i «i d t LTf&S LJt«^KfiasslsiH t S. c u /Pt 
Ttt*ffi*«LT0. 3^mA(2y^--y^t7tf^ 
£ft£-A 1 2 O s KTtt»U mmM2 It, TW«K 
lUW-*~;^i|lt, CuJ:0jSS-ky^«2 
3*^t±»fcTa5«a2 1. 2 2K88U JEfcA 
l 2 0 8 «rc««LT. CuJ:i9JS57-l<*2 2*R 
«\ Hi 7 (3/5 Lfc J: o %ffil&cr>j< =E V -M? 17 0 0 
fcLfc. StfiHl 5i:H«fc7-H*2 2fcTOt*aL, 
TN i FeCo/Ru/N i FeCo i >)l£iSAi5 



^8tttLTfflJ|^, <W=T7-K*2 2fc 

£€fSU ^U-fm 7 0 0#«tlfctefc5,r fctffc 
*»o £ . £ <*) «t 3 ^WJ^fi^ffitfas^ 9 £ fflc tf; * 
* 1 7 0 Ott 0 . 3tfmftWfmS 
£ t #«BS*u *>oH«W 15,16 -C1« L 

[02 15] (Hfflfti 7) &Tt<r)x>-\~,9ijv-y* 

^Tf &$^g£ffl^T. X^'Cy ^jgfcj; 0 H 1 1 B 

<^«o»arca3Mijm looBfcffeslfc. 

Pto.5Mn 0 . 5 , Tmmit UTa, &JS1&14JI3 2 
kUCo 0 . 9 Fe u . #BtttK3 3ffli:LTRu Bl 
fl5SKfflS3 1, 5 2ffltL-CFe 3 0 4 , #Jgttii4i: 
tTCu. ^SSft^BltLTJiCoo.gFeo.^J: 

IfZblXii* Ar, Kr, Xe«MftS#, £<0i§£- 
M£tpX'X;Sy ? ItttbF e 3 0 4 hO0M# 

■tht&x-hh. mAi-&emaLkixii£tfxm<vi 
[0216] JMto&mam&$vzj^ 9 ttztz^ 

FesO^-yvhCDOmtftmmKZ-oX^&Fe 

3 o 4 ^-y. y h^fl(,v i-^yji—ftz 1 x 1 o- 9 To 

rr£mzffl%lf z 'i^ ZJlyjnjyrtfxto. 8m 

Torriz^cit xmx I X . S i mg±t,z<>K.m$L<v 

r02 17]Sdt»^yr^32 Ta(3)/Pt 
o.5Mn 0 . 5 (l)/Co,, 9 Fe M (2)/Ru (0. 
7)/Co 0 , 9 Fe u (l. 5)/Fe 3 0, ( 1 ) /C 
Oo.gFeo., (1. 5)/Cu (2)/Co 0 9 Fe 0 2 

(l)/Ni 0i8 Fe 0 . 2 (2)/Fe 3 0 4 ( 1 ) /T a 
(3) 

a tzm<?>tzMzmmw.mmm^%m\v >y 

[0 2 18]^3R«-9->-7-^J Ta(3)/Pt 05 
Mn 0 . 5 (l)/Co c . 9 Fe 0 ., (2)/Ru (0. ' 
7) /Co,. 9 Fe,,, (3)/Cu (2)/Co 09 F 
e 0 .i (D/Ni u Fe 0iJ (2)/Ta (3) ' 

mi 2t mtomx-m m. ^mmm 1 4 ^ 
■f. 

[0219] 
[H14] 
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^ MRibfO Hp (kA/m) 

*fcfljy>7> 32 13.1 80 

[0220] «14^|g^^^j;^ t ^ #fgB)Jo 
^lfiW>77P3 2{i^Wffli3U 5 2^«r 

[022 H mmvnu3 2x\ mmm. 

m5 2 Wth 0 £ A 1 2 0 3 > y h iffl^TiMfc^ 

aatK-c** a 1 2 o 3 m^mitimmm^>y°)U3 3 

9t»m>T)VS 3 T a ( 3 ) /P 1 0 . 6 M n 

0.5 ( 1 ) /Co 0-9 Fe 0il (2)/Ru (0. 7) / 

Coo.gFeo.! (1. 5)/Fe 3 0 4 ( 1 )/Co 0 9 

F e 0 .! (1. 5)/Cu (2)/Co,, 9 Fe 

o.i (D/Ni 0J Fe u (2)/Al 2 0 3 ( 1 )/ 

Ta (3) 

MRlfc(4i2. &%bmm*y?J\,3 2b 
#30e?&4*>te*tLT, HJfeM^>r^3 3 Till 

[0222] 

■ ran *^ B Jo^g^^s^^Brffi^^H. 
[02 ] xmvmsmmm^mmmm 

[03 ] #^ B J^l&^^3IS^NK^fl5ta 

[H4 ] *mmmmm&^m<rmm. 
[05 b] xmmmm^wwmmm 

[06 ] *^B^lSmffiit^m^O|iTffiCOm0o 

[07 ] *wmmmmhm^mmcr>mm 



[0i o] ^mmnmrnumm^mmcomm. 

[01 1 A ] *f^B»0^|yR^)iriif<9^ 

0. 

[01 ib] mm^mm.tmm^mmcom 

0. 

[01 2] W^^g^^^^^^^ 

[013] «wiaa*if»ffii«Ki, 
[01 4 a] xmnm&mm^v ko-w**? 
■ta. 

[01 4 b ] *jWB««saas3»jHi^ v va-mik 

[015] **fH603-^SflisuffiBi3SM®^7 HtfD- 
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L^^ G T N 5JP RES,STANCE EFFECT ELEMENT AND ITS MANUFACTURING METHOD MAG^ETORESIRTANrF 
eSeNT ' MAGNE ™ RECORDING DEVICE, AND MAGNETORESISTANCE "efSeSor? E 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetoresistance effect 
element having thermal stability and high MR ratio. 
SOLUTION: The magnetoresistance effect element contains a free layer 
that is easily magnetized and rotated by an external magnetic field a first 
nonmagnetic layer, a first fixed layer that is provided at the opposite side 
of the free layer for the first nonmagnetic layer and will not easily undergo 
magnetization rotation due to the external magnetic field. At least one of 
the first fixed layer or the free layer contains a first metal magnetic film 
that comes into contact with the first nonmagnetic layer and a first oxide 
magnetic film. 
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CLAIMS 



[Claim(s)] 



ou a magnetization revolution easily by this external magnetic field ^ y ' a " d d0eS n0t Cany 

oxIdTiSfcL^n'g i-STT™"™ effeCt dement C ° n,atain8 ^ 1St " fita - «* 1* 

STnSSSc fitatx m .r,rr is,ive effect e,emen ' saM ist — « ta - -* - 

[Clam. 12] Sa ld 1st oxide magnetic film is a magneto-resistive effect element containing Fe element according to claim 

^S^omtnlt magne ' iC fito " 3 raagne '°- resis,ive «*« according to data 1 which uses Fe 304 

[Claim 16) Saic 1 1st oxide magnetic film is a magneto-resistive effect element according to claim 1 which uses CoFe 
httpV/www4. lp dl 0r ».gojp/c^ ]/3o/2oo4 



204 as a principal component. Pag6 2 ° f 3 

[Claim 1 7] Said magnetization revolution control layer is a magneto-resistive effort rt^^t «„ a- * , • 

added B element, and O efementis 2^^£rS^^,iStZl?«J?S f It''" 8 '** 
K mS^ST** fi ' m 15 3 "^-resistive - —« -cording ,o Cairn , which ,s the oxide of 

lst me,al magnetic fi,m is a effect element according to claim 22 which ^ of a 

nonma gnetic ^rZI^TZ^Ztt^S^TZ T through a 

S C lT U ,clt,d:S«r eSiS,iVe ^ m °' d m ^ *• a —sistive effect element according to data 
ffiS^^S^S^ r e T E ° ~--«ve effect eiemen, according to claim 

^x^a^ 

iocSySS^^^^ * 0m 3 effect element according 

recording this informal - aSndu*^- „Z <£S£Z££ZZ ,? ^ *" ^ M °' ma ' i0n IeC °"> ( ° r 
^ve^^^ 

spatter using an oxide target. ' lst P rocess wh "* forms said lst oxide magnetic film by 

Sing lo'ciaim 3a "** " """"^ ° f a "^".ive effect eiemen, containing Fe 304 

[Claim 33] Said 1st proLsTftlmtu^e meftod rfa ta J" ^ T g inert gaS md "W gas. 
which includes the 2nd process which form^!,^ „ J ma ^to-res,s ,ve effect element according to claim 31 

[Claim 34] Said oxide taZTs ,h ^^1^^ ""^f ^ by ^ USi " 8 inert gaS md M >«« *«• 
according to claim 30. manufacture method of a magneto-res,st,ve effect element containing Cole 204 

ImSeS !S^S£ZS tSSSS ^ ^ ma , 8ne,iC K fl,m ° f a *<* "*« *<» «*■ ou, 
magnetic layer, and the fixed bed whSirfZ through a direct or substrate layer on a substrate, a non- 

one by one.A nTuto memllof a ma»eto 2^^°"^ -** by extemal ma «" efc &M 
a front face of mis metal ni^SCoTSSdfl^±T ^' w nClUdeS *« 2nd P rocess which »^i«s 
"-almagnefic^^^ 

h ^™w4.ipdl.jp„. g o.j pW ^^ |/30/2004 



this oxide magnetic film. Page 3 of 3 

ctS UfaC,Ure me,h0d ° f -~esis«ive effect dement including a plasma 

source of an oxygen radical me,al ma sn e "<: "1™ by oxygen radical generated from a 

S^Sfcc^,: ctm meth ° d ° f 3 m ~-*e effect element including a natural 

ox!Sd^^ dement .ncluding a process which 

35. magnetic mm using oxygen ion generated from the ion source according to claim 

KrS^^^ J^*^ ' metal magnetic film of a free layer which carries 
magnetic layer, and the fixed bed which does no Z! * d,reCt ,° r SUbstrate layer on a substrate > * non- 

one by one, The 2nd process wbic^^^^^Z^? ^fT ^ by eXtemal m W c field 
manufacture method of a magneto-resi™ Teffect eleS wb^h . / T^f by reactive -^ttering method, A 
magnetic film of this fixed bed on it [ X ■ ' oxM e maS fit 1 ^"J*^ ^ Pr0C6SS Which f ° ms * e 2nd 
revolution control layer further on th s Sd ' mefal fflta L ^ ^ ^ 3 ^^ion 



[Translation done.] 
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3.1n the drawings, any words are not translated. 




[Detailed Description of the Inventionl 
[0001] J 

change to an external magnetic M ?, ZaSSor^Z eZT T'T* 8 big ° U,put by ™8netie-reluctance 

recording playback constituted using £lT^D ^ s tte ^ h " d SUltat " e ** 46 Ugh densi * »■«»*>■ 

f ^^^^ j 

magneto-resistive effect element (MR elel^ZtfZ^ t l data , medlum 18 also remarkable. The 
briskly studied as what goes up ^tiX^^^tvrftSf f ^ ma ^ et °- resis ^e especially is 
used now. P ^antiany tne sensitivity of the magneto-resistive effect mold arm head (MR head) 

ESotTa^ 
layer (pinning layer) (the ferromagnetic later at Thk ! h ^ ° . fidd by the ma 8 neti zation revolution control 
it is called a switched ^nnectionlL ^ revolution ^ol layer are doubled, and 

magnetic layer (free layer) according* mZeZ nZS Z ft f magnet ! Zation direction of "other 
direction of the fixed bed and a free layeH fa S^^^,??^ [ rdati ° n 7 ° f the ^tization 

[0004] As a material used for a «min hnfoiuL and change of electnc resistance is produced. 

membrane, cJ^S^^^S'^ST 1 ?° begilUling A nickel " Fe fllm ' As a Magnetic 
for magnetic-reluctance rateTchlge ^t^S^S^X^ 2% ^ ™ P ^° Sed 

93 101st term (1991) ()). [ Journal of Magnetism SSS^SSKS^ magnetic MATERIARUZU 
using the FeMn film as a magnetization revolution conJkyer h ^ Sm£^o ™i ^ ^ ^ ^ 

(temperature whose magnetization fixed effect of the fixed bed bvThe^^ ■ ' ^° Ckmg tem P erature 
not high enough, and since a difficulty is in cordon resistant It Z FeZZfZ^Tl'T 01 layer is loSt > is 
magnetization revolution control layer is proposed EsvetiZ a M Lt^ I ' Spm bulb fllm usin S a various 
stability and, as for the spin bulb film Jn^^^ZL It^ZT™™ and 8 °° d themal 

control layer, the large thing is obtained as ly leaps and ^[tfiS,^ ^£2**°*"" 

on the fixed bed especially this mcMlZnTrl^lu^ in f*?*?™," the StrUCtUre which attached al P ha ' F e 203 
excellent in thermal stabilfty ft h^SSSSS^SS S ft? 3 ^ Alth ° Ugh a PtMn ^ is 

obtained. Therefore, coexisted ! S Sj2SM2^ S£ * ^ " ^ 2 ° 3 ***** is not 

system was one technical problem tablhty hke a PtMn s y stem 2 °NiO and alpha-Fe 3 

- SeCti0n W " Sh - a -gneto-resistive effect more 

[0008] The object of this mEiE^ ^ f™ ^ MR "*>■ 

high MR ratio, and the manufacture method, am^^^Z^^^^ ^ th&mal StabiHty md 3 
and a magneto-resistive effect memory device am head ' a ""W^c recording medium 
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If it becomes possible to obtain biggS lZ>Z ^ bed Which gives details ^ 
used for a magnetization revolt control™^ wift tn faS!^^!!^ ^ """""iS 3 PtM " sys,em is 
and a high MR ratio ]. * contiguration, it will become compatible [ thermal stability 

layer and this 1st ? ^ '° *» lst 

film with which at least one side of this 1st fixed bed md fti Sfrf y ^ mCluding me lst metal magnetic 

oxide magnetic film including the lst fixed bedwrrich doe^nnf^ hyer ouches *' s Isl "on-magnetic layer, and the lst 
external magnetic field <any oul a magnetization revolution easily by this 

the 2nd fixed bed which is prepared tad o thTw I J layer to said fr <* and 

carry out a magnetization revolution ^^^^'Tu*' thlS ?" d """-magnetic layer, and does not 
0013] Said free layer may also contain , a ,H li^i Seld may 3,80 be included further. 

[0014] It is prepared in m opp^C^f JS^l^T^,^ ^ 1St ° Xide magnedc « ta ' 
= gneh e membrane otZ^l^^^Zl^ *" ^ ^ 3 8 °° d 
K fnSSr. reVOlUt, °" ^ la ~™ d »'» ' - ^ magnetic film and magnetic target may 

S^lZl^Z^Z^ ^ ^ fi ' m ™ ta - — of-id .s, 

alt betaSfuZ""* ^ ^ " ma ^ *»* a magnetization revolution control layer may 

2 ] mat«c fi^r^tSteSto' he ^ ^ ""S^ *» ~ * » »» d »f said , s, 

Se^^^^^ connection which carries out 

lst oxide magnetic film, the 3rd metalTSc fita Sf. ? ? P ff hand ° f Mid lst me,al film to said 

in antiferromagnetism. ^ ° ^ a " d thls 2nd metal ma S" enc "lm and this 3rd metal magnetic film 

SLatfic fita r jr„rmt«ic «r s.^ prep «r d in - — <* 
b £^ 

[0026] Said magnetization revolution LtiofZ^Z^f^ * T?"' com P°° mt - 

TOard'matt ? *"? &0m * ™*el! W^RnX l/at „y " ^ " ^ ° f 

[0027] Said magnetization revolution control ,ayer may consist of alphi-Fe 2*03, either of me NiO(s,, or these cascade 

and O element is 2:X in (AB120X OrtSnST' r !k " a ratio of A > a ^ whi d> added B element 

satisfies ma, , defined ^^^^SS^^^TS T ' S A '° mS A ' B ' md °" ' 

0.8<t<0.97. S yP 1 Ka+Ko>/(root2-(Rb+Ro)) as Ra,Rb, and Roman ionic radius, respectively is 

"en? aforem — WVOX .ayer may be the transition-metals element which uses Fe as a principal 
^J^gSZSg^ ^ ™ y " e ™ *>* « <*> «* "ore of elements chosen from rare 

http://ww4Jpdl.jpo.go.jp/cgi-bin/tran_web_cgi_eije 
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T0032 1 11h lot ° Xi ^ magnCtiC 5 lm may be the oxide of said 1 metal magnetic film ^ 3 ^ ^ 

£ S? d I St metal magnetlc film ma y consj st of a Co-Fe alloy. ^ 

LJesst^Sr^ 

nonmagnetic membrane is different switcned connection in antiferromagnetism through said 

[0036] Other magneto-resistive tfrZ ™u i. j above-mentioned object is attained by that. 

S3t,tr m be , de,ected ; s provMed ' - d ^wrsrs, s ssxs* element a magnetic fie,d 

resistive effect mold arm head, and ^XS^SS^ZST^ "* V"^ ^ *" -»«*>- 

^Z^o^ — n g this invention ,„ 

element - a conductor- a Itae and an .SfcStaZSS? mVeMl °"- m-gneto-resistive effect 

me is provided and the above-mentioned objecHs aSeX™ 8 *" inf0m,a,i0n " a 0 " ta *» " a 

urofZtSvt ssrrf? ^ in ™ tion is - — 

magnetic film by spatter using an oxide SetUfaduded ™hT ^T 58 which fomls *"<> lst 
[0040] Said oxide target may also 00^7^304 ' *°™-ment,oned object is attained by that. 

LTo'iyg a ; d ga1 Pr0CeSS inCU,de 2u ""~" fo ™ «" ,s, oxide magnetic film by spatter using inert gas 
Kyg^ ga ? r0CeSS inC ' Ude 2 ' d «** ^ said ,s. oxide magnetic fihn by spatter using inert gas 

rnnS Said 0Xide target may also contain CoFe 

easily by exter „al magnetic field itn^S^^^^^^X ^ ° Ut * ma ^ etizati ^ revolution 
bed which does not carry out a magnetization revolntTnn 25 k ? s " bstrate > a non-magnetic layer, and the fixed 
winch oxidizes a fronTrace of thii ^5255^3^^^^^ fidd ^ ™* ^ 2nd pr ° C6SS 
film on a front face of this metal magnetic film and Te 4th vracet S w Pr0C6SS WlUCh fonnS 311 oxide 
layer further on this oxide magnetic film are Xtod t£^L a u ma ^ etlzation solution control 

0048 9nH Pr0C6SS a ! S ° indude a natural oxidation ^thod. 

^"SSSE^Ii^ 3 Pr0C6SS ^ ° Xidi - Said ** of said metal mastic film using 

revolution easily by external magnetic field t^^^S^^^^ layer which carries out a magnetization 
the fixed bed which does not carTy out a m^^la^Z^TTi^ * J 1 * 8 *** a non " m ^tic layer, and 
process which forms an oxide ^metic mZfm^bTZL^ T* 6 ^ ° m by one > ^ 2nd 

forms the 2nd metal magnetic filnfof this fixed bed ^nS^^T™**^ meth ° d ' The 3rd P rocess whic " 
a magnetization revolution control liTfiX^ IrimJtZ^TrT the 4th P r0Cess which f °™ 

object is attained by that S 2nd metal ma gnehc film are included, and the above-mentioned 

[0050] 

f^ta^ 

him . w.^ ,. ,.. ... . Ita(treelayer5)/ ° 0n - ma 8" et ' c '^4/magnetiefilm31](fixedbed3)/ 
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^a'Sc^S ayer) * C0 " Sid f rS 88 a «» fi »™*» md as 4, 

Eht^^^^ 

interface of the free .ayer 5 and S ■ no^etTa™ Jj*™"* 2 ' ^ " me > a fli " ^ is to P°«™ for the 
[0052] furthermore, it was shown in drawing 3 - as - foxide mam^hV fitm i 1 / . i • • 

layer 2 (pinning layer) / magnetic f,lm32] (feed bed 3 Wnor. t J I 1 "* 1 "* 12 * 1 ™ solution control 

a /magnetic film (free layer « / non-mat eLc hverl / mZS n „ ?f "."C ^ ma8netic fflra 32 ' ori * 
" 2 « ' ayCT » ~ « '3 aisclr ^nSn ' ' ^ 3) ' m ^ i2ation ~" 

film 52 / a metal Lg7etL^i] P " ^ ' ^ ^ ^ ° f [metal magnetic film 51 7 oxide magnetic 

[0055] Although shown in these drawing 5 A and 6 the t,~i nnn A i 

magnetization revolution control layer 2 as shoZ to draw^na 7 F 1 88 * ^ff**** w hich touches the 

Si, B, and N. It is FeAlO by re ctive Zt^lZl^n^ ^ 5"5 *° ^ WWch COnsistS ^aluminum, 
a target, and using oxygen and oiZS M^T™'™ v T^T?^ USe Fe-Si, Fe-B, etc. for 

formed. Although res^ance is bwefto lOm^^'i^' ^ FeA1Si °' FeA1Si °N> can be 
and an advantage which can aSjS^S^^S^ 1 ^ C ° M ™ 

«alcom P onent 1S used,an d ^ 

consist of 03, NiO, or these cascade creens,' and ^^0^^^ « 7 2 " yOU ^ 

that the ratio of A, the thing which added B demeTlTn f^ ( ♦ } n Pv T'' However > ln (AB)20X, it is shown 
the conditions of 2.8< X<3*2, Sefare A tms a' B and O 1S ^ ""I 0 iS SatiSfied With m ° X ^ en atom of 
Degree type t=(Ra+Ro)/(root2- (Rb + Ro7 US **• Rb ' ^ R °' res P**ively 

It satisfies that t come out of and defined is 0 8< t<0 97 

pScomStd It Ss!S tf^ ** * " "» *»« which uses Fe as a 

rare earth elements (Vld La "etdudS) V "* M " hTO 501,8 or more ofete »™< s *„sen from 

ttfT^^Jg^^ " W ^ *~ f ' taS « f ™«< « = 

when a pinning layer comes by ttoSSion of TJZL~ desrable J t0 T ° 3 ' Ni °- ^ a <AB)20X film, and 

Edi^f ^ ° f ***** - » ind ~y Arable thing m'ay ofvSor an ur ,and-dow„ pinning 

[0064] When special, as shown I ****** in ^ rawi * na A f u; c u a -> a 

magnetic fflm 32 which touchesLs nonlTgS^r^Ltfox^iSta ° f ** ^ 

SIT* ?T eC ' i0n ma 8" e,ic ^ thenonma^netic menTb^e 33 ' " CanymS ° U ' 

KEoT^^rw-rf^ 
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free layer 5, the substrate layer 7 is foS ° f " 3 ' ln order <° ™ se *« »ft magnetic characteristics of the 

which heightens the pinning effect of the ^^^^^T^^^ ^ the effect 

antifeiTomagnetism-[ this switched ocmnectionlZ^n^ri. co ^ol layer 2 by this is acquired using an 
used. In addition, unlike drawing 10 ^Tere Tno o^Me 1' t' U ^\drawing_4 , the metal magnetic film 32 is 
oxide film may be prepared^ Tupper ^a^ aTa can ?nH? ^ 00 free ^ 5 in mis ^e, but an 

[0069] Although current is usually TasseS^ fi?™?' f Pr ° teCtlVe °° at ma y be P*P*«i- 

since it has anfxide m^S^S^^^^ f m ~esistive effect element described above, 
arranges especially an electrode up ^^mi^^^ C °^ ratlon wh j cl > the film surface of an element 
[0070] The magneto-resistive effect ™iT f t Cnt at nght ^S^ 8 10 a film surface. 

to provide whaCeS tZ^O^lT^^TT "5 ° f characterized * -mmg 

becomes it as shown in drawing 14 A 14B TaTZ* e f C \f™* 9 of ^ invention further, and 
which should be detected should be i^d^^S^nt^^I^ L 6 ^ 18 ^ ed ^gnetic field 

soft magnetic material in **. Drawing 14 A hi me hard Z»T to ^ sias ^ e ^ element 9 > ™* is constituted using a 
having antiferromagnetism biasS 1 A ^ ^ U > and drawin S 14 B has the composition of 



and it ties with the up shield f 5 and fte towl S"? f £? "t" T a " d Wr sid <* ° f *• ™. eleSV 
surface perpendicular, and „ iU becom 2S.at„t ^ctltoZl C °" fi « ura *" ** cu ™» *•« to a film 
the hard bias section !2 and an element 9 in tiriSeTSZ! harT 8 P " 1Zmg " iS to insulate 

magnetic-head section 1601 to Trenroduce thTZl hlch records mfol ™tion, record and the 

(he racking of adisk as an 1 £ i ^SE^SES" ' 6 ° 3 ' t *° "™ SeC ' i ° n 1602 ,hat -»«■» 

density record is more possible than before 8 ^ USmg the ma « ne,ic head ° f <«» invention, high 

SI! 22 for riding SSltT J" "nT T "** *""« *" ^ ™> «e 

bed 3 (oxide magnetic film 3 1 / metal Sic' G^n^ Z l^^ T" iT'? 0 " C ° m ° l 2 > 
by one on the substrate 1. Pinning of the .of trTn"^ T"^ ^ "* free 5 is »»• "« 

the exchange bias magnetic field by the ZS^rltT, ^ etlC film 3 1 of tbe fixed M 3 >* «>med out by 
ferr„magnetism,p„^g„fmeoS^^ " 
magnettzation of the oxide magnetic film 33 where mSZfr*^ 32 ' S out ^ directi ™ "» 

it is separated more magneticany than the fixed 1 bS 3 bf ,t?f ""f" 1 magnetlc fllm 32 is 3,80 me same. Since 

magnetic substance can be moved^Z^vdv fc^h ft, agn T ' ayer * e free 5 » one 
direcrions of tw 0 magnetic ^^^^S^SZ^S^ the m »««" 

magnetic layer] interface, and resist of anTmenSmtnT ^ ^ ^ ^ ' t n <">- 

fs ad! s^^s^t sr^si?irf resistance of m ta b — *» 

outsideasamagncfic-reluctanceseLr 5 ^^^ 
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drawingj.'(the magnetization revolution control layer 2 - free 1 aver <rt t u a j, Page 6 of 20 

reverse. In this case, an electrode needs to remove Ae upskl mZl"£t ^ ^ ^ ^ " * is * ood even if 
oxide magnetic film 33, and needs to touch the r^^^m^^^^f^ 2 ^ «* U P side 
revolution control layer 2 was shown in drawine ifS u U 7 ^ b ° n ' ^° Ugh the magnetization 

together magnetically, even when hJhas no ? . ' tms and the metal magnetic film 32 join 

enough and a magnetresis^ ™™ *~ a *>le of the fixed bed is iayed 

shun^^^ 

layer] interface, and the thicknels inc^^^^^r^ ? by magnetic layer 1 [non-magnetic 
layer 4 and the fixed bed 3 was maSe into a m^CtSflT interface of a non-magnetic 

improved the reduction of R and delta R by SEK?„1 Portion of the remaining fixed bed has 
element can be made high by this and sinltcom^fL/ I* ^ Resistance R of th e whole 

productrlxdelta R of elemenLurrenT" ^^^t^^^-fr^T^ * Variation deltaR 

oxide magnetic film 3 1 by a diagram, flSZ^R S^lh ii" f ^ ° n 0ther hand ' when there is ™> 
revolution control layer 2 is a mSal i^tof^ tf ^o^Jt^^ flf' When me magnetization 
magnetic-reluctance-izi n g):deltaR^ is able to Jake o„t Z 1™ f is remarkable and MR ratio (rate of 
the interface of the aridel^ne^^ «** d — . m addition, as for 

smoothness 0.5nm or less. It is because resistance S^^J^ ^l^^ me ^ 1 ^ *> have surface 
a magnetic layer is parallel if surface smoothness iXd * ° W1 " ^ 6Ven when magnetization of 

obtained is a metal membrane there hadS^Tlfv ° f ~ ° Xlde film than a metal membrane is 
as an oxide magnetic film the ^M^^^^^S ™ S t6Chnical P roblem improves by using 
[0079] Drawing^ is the D^XteZS.^ ""J"* kyer 38 mentioned above - 
6 excellent in surface smoothness in the front ^ tf 2^*° S" ^ membrane 

reflection of the electron in a front face, is^^^^^i*^'^ t0 be made to car ^ °* specular 
parallel by this, and is going to obtain Wg mK^^^T 0 ma ^ etization of a magnetic layer is 
[ desirable / as for the interface of the ^^^^ff^ * is not ac ^, either, 

have surface smoothness 0.5nm or less and ] [ s^?S ] 6 layer 5 7 0therwise > for irregularity to 

— fi^^^ *• ^ 5, the good oxide 

film, i.e., Ag, which carries out specuto of^STt?? n ^Moreover, the metallic reflection 
free layer 5. In this case, since MR ratio ^Mb^^^} " ??• ""V* prepared in the front fa <* of the 
be desirably referred to [ lOnm or less ] aTsnm or lels m6talllC refleCti ° n film is to ° mick ' * is good to 

K^at^^^ ** ^ free layer 5, it is desirable for irregularity to 

Furthermore, an above-mentioned oxii^^^ta£^ 5** iS n0t a ^ uired ' either 

mo°82i v ^ s n cture s , hown in d » s^^r 1- on 11118 metaiiic reflection fiim - 

electron receives magnetic dispersion com^ ^ mterface fr om which an 

that current may mainly flow L mXX'tS £&ES SSvi* 1 ° btained - In 0rder 

m R, and since MR ratio increases, it become possible T^^^T J?^ ^ 31 ' there is Httle reduction 
element decreasing, and considering as the ?«nSZZ !h} ° bUumng f ° UtpUt ] by me "Stance R of the whole 
does not increase fo much i^^S^^tS^™ ' « *? technical P«*« which deltaR 

rev^^^ 

nttr>://WWwd I'nHI it^ ^ i_ : /. , ... 
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magnetic film 32 with which fixed KpHu* i. Page 7 of 20 

carrying out switched ^•^^^X^^T" 0 ^ " *"° 0xide a™ 3 1 which are 

switched connection of the oxide maSKTsltS^'^™^ When » *" 

and .« does not cany out a magnetization revltion ea™fbv telZl ° U ' * nom > a 8n«K m^taffs 

magnetic film 32 join together magnetically, fixed beo 3A i^tinZf "^l 0 ^ mis Md metal ' 
film may be prepared between the oxide magnetic film 31 Z^Z „ S " Wh ° le ' Furtl >™»>re, a new metal magnetic 
connection between two oxide magnetic filSli through ^ """magnetic membrane 33, and the switched 
0085) I n addition, althou ^ ^^S^^SSS^ "IT"™" 33 ™ y be s ^S»<=ned 
0036^ 

W it i y „ J^rCeSS ."(^ST* fi ' m &r &ed - Sh °™ * «-ing * - 

UJ^S^^^^SI&S? " TIT ° f te — 3, and tite oxide 

magnetic films is obtained, and can reSTe toTmt S 8 fS MR f 0 m ^ where all free Ce" Je metal 
that the oxide magnetic film 52 mdicS^tm^eS^ ZttoT" S ^° n £ to whole *™« ~Twever 

SfmSS-IS^ 

SnSfl^* 6 CaSC ° f drawing 5 - charactenstics of the oxide magnetic film 52 are not strictly so 

the magnetization n*oh*!^ with which pinning of the feed bed 3 is carried out by 

[metal magnetic film 32 / oxide magnetVfL 3 1 SSS;^?^ by ***** 3B insisting o/ 
bigger oxide magnetization revolution control layer" iso^S- S * L 0886 ° f , MR ratio with the 

moon r ^ tanC u e ° f the ° xide magnetic fflm 3 1 S^c^SSS^ - ^ ' m ratio with * e bi S one 

[0091] Although drawingP makes reverse the uZ"^ *«ed-becl 3B is higher is obtained. * 

used as a monolayer^ configS tfZZ^ T^ ° f - d a layer is 

ra092 e i D 6 ^ 5 ' ^ SUbStratC ,ayer 7 is ' raiSC * e S ° ft magnetic ^aracteristL 

for the free layer on the basis of the 
order to raise the property of the nuwAzaC^^SSX^^T^ " " ^ ^ ^ Moreover ' * 
the effect that MR ratio becomes large is acauired l h?"!! • « 7 ! ayer 2 ' ^ subs trate layer 7 is formed In this case 
mO^T ^ 5 PrCpared in th ^r P T * ^ mterface of *• oxide nonmagnetic meXne 6 

whichUh^^^^ layer (metal magnetic film 32) 

will be rich a magnetic layer (metal mag^cSKSSjlST fi ! ™" fi ^ ation ofdra ^g lO and which 
nonmagnetic membrane 33 and it is a thing unlike dnw£? f tl* h ^ fixed - bed 3A of dmwing4 through a 
making thickness of a nonmagnetic m «mi£„- « \ me ^magnetic film 32 is used in this case. Bv 

it is possible to make this switched connection anttennZT! rf ^[example, using Ru that thickness 0 6-0 8nm) 
wlX^ T 1Uti ° n C ° ntr01 *£^tl£^g£ m - hkB - ^ ^ Which he ^ens the pinning eS 
Lti^ 

be reduced is acquired. In addition, unlike drawing? ttSfa L ?1 ^ 5 by the who,e fixed " b e d 3C can 

Ais case, but an oxide film may be TOaiedkfte^^ membrane 6 on *e &ee layer 5 in 

[0095] prawingJ2 is an element using what consist of a too latr £' P rotective ^oat may be prepared 

Ae th lck ness or the saturation magnetization ^^^^^^T^ff film 51) ^ om whicb 

antiferromagnetism through the nonmagnetic n^f* out etched connection in 

through the nonmagnetic wa^A^^^^^. y^V^r,. Two ferromagnetics serve as anti-narallel 
films to dl and d2, respectively and saturatioi^ ^mameSof W £ ° f &e A Iayer 5C Sets of tw ° magnetic 

dl-Ms2, and d2, and can make the demagoctiSS^^ wh , n res P ectiveI y» ^ ^ set to Msl Sd 

a magnetic resistance element or an arm £4 d^^Sf ^ ,?? SenSitivity borates, in the case of 
fector becomes large, when it is a memory device TwS b^ ^T^^^ ^ * dema ^ation 
^caseof fl uxreversalincrease,but^^^^^^ 
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magnetic film, and a process becomes sVmple % . COnnection can oaS ou ,t a 

rang these films, considering as the coatiS ST branes m ? ""^"ic field. When forming an element 
desirable in drawing 3 to use for the unr£ ™„«i . * ? VeRe ,s desiraWe > * for drawins 1 and 2 Tf 
Mn of an ordered aHoy system PUP^ ma « ne,E f °n revolution control layer 2. On the other 2h J . 

VVhena^ ll s lng ,heJf„™rr^ 

and as for drawing! and 2, it ij TdesirableTr tawtal tCeS of vertical rever* is durable 

addition, a Pt-Mn system - the upper and lower fide! k I"" 1 * 3 " magne,ization revolution control law 2 in 

deniable features since [ that the pinning ; er&cTw^f ^i*" °° uld ^ md « and it had toe 

teemetal membranes for fte mfgS^^^^ 1,16 dai ™' 

obtained. Even if this invention compensates this defrrt .k 2 had *' defec * f™ 1 " °ig MR ratio is not 

mot? 'r 2 ' " c " ° b,ai ° bi « MR ™ ™" SyStem f0r ta ^faation «™lu«o„ 

and bigger MR ratio is obtained by c^J^^^S!^. ^ ««. Wg MR ratio will be obtained 

""IT 1 Stabili,y a little > «*<=-> « m , Venh ° n - Since Ni ° ta a technical 

CAB) Although 20X films are excellent in the thermal reSanc! J?, i^k a ™ nated » is ™re desirable 

10100] As thickness of the free laver s i nm , 
LUiuij As a metal magnetic film 32 of the * • . 

aUoy, are excellent. SiL it is ^SSS^SSiSS " * 7 ^ " fcW ^ a 

Co-nch f or m , nt e rface , ^.^^ |a ^R ™° especially with big Co or Co-Fe alloy, i, is desirable to use 

^oSe^^^^ 

presentation ratios. What uses Fe 3<M as aSri^l J"** pr0perty is obtataed °X adjustment ofUW 

SSSfj? <• *-n*te PnnC ' Pal COmP ° ne " t 60111 a *"P°i»t of soft magnetic cn^clstic; or 

(uiujj Moreover, what uses CoFe 204 th 1 

E r m 3 high vacuum ' S " mtWi0r ° f 3 r00m ' » is P ossibk 'o mSa 

If i u / j As another material of the fixed hcri 1 fL ™ i i 

..^^^ 
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^^X^^^^K^W^ - an oxide magnetic 
the good oxide magnetic film 3 1 . S J2 ' When a Co " Fe film * used, a Co-Fe-O film turns into 

M^^iS^ of the oxidemagnetic fi ,m 3,. Firs,, one foms 
after that. The method of oxidizing the front fti of ftemlfm^r^ S? ° f metal c film ™ 

oxtdatton method, a method of usfag a radical ^ e "° fita 32 has a P |asma Nation method a natural 
oxidation method gives the potential m ZmJTtrt ^Dclr rlf '°" T ' ^ la 3 vacuum cha "*<*> a pia^" 
etarode with a sink, generates the plasma b^StotofiSZS' T?/ meW membrane »d an 

ronofn^^^^ 

inside a gun on a metal membrane front faceTd ox SS^JT 8 ' ° X P n radical generated b y Charge 
it is a method effective in oxidizing only a from face" few § " " " a metal ™*™e -- a damag^ - 

invention. In this case, the seal of approval of e«l2 ! ^ ^ discharge etc " a " are effective Tn this 
vohaT ^ " ^ at 3 SUrf3Ce ° f - etal - S^SS ° Ut ' ^ the oxygen ion generated from 
K to ?. n ? t much high, it is good to consider as C than r 2 ^0V ? Iftf beC ° me large as deration 
[01 12] The thickness of the whole fixed herf T Wi 1 ] desirably below 500V at most 

[01 13] Moreover, in order toTnkree MR rtl Zl™™ T g °° d 10nm or Iess - 
-efceofafer^ 

good since soft magnetic characteristics are required for the fre^ a™ \ n ; n_ma S netlc kyer 4. Although nickel-rich is 
without spoiling the **** soft magnetic characteri^ 5 considering as a high MR ratio is possible, 

the free layer 5 which touches a non-magnetic kye ^ u^ fi Co rich M mckehnci \ at ^rface magnetic layer of 
interface with a non-magnetic layer 4 at Ae cento of ^frl laver 5 ^TT' * * deS ™ hle t0 USe Co ^h for an 
like draw,ng3 . If the thickness of the interface la^X^ abov f rae ° tioned nickel-rich with structure 

charactenstics will deteriorate and the magnetic fiXl JX!h f 6 layer 5 18 ^ since ^gnetic 
magnetic layer needs to set 2nm or k^^TCS^i^T ^ ^ ? ° f ~ ace 

to work effectively, thickness at least 0.2nm or mm™m^Jfi^C * °n ? Ms interface magnetic layer 
material of an interface magnetic layer Co or the Co fJ T ^ u lts * hlckness °-8nm or more is desirably g ood As a 
[0114] Although the nonmagnetic ^«f£? J ?° ^ concentra «on is excellent. 7 g * 

metal film that is easy to tE^ffi^ffi^ ^ 1 ? "* • «* non-magnetic 

13 may be desirable and Cu, Ag, and Au are s u f^ * e vcm^ membSnl 53 of 

more more desirable, and especially Ru is excellent A^*i Stablllty ° fan interf ace, Ru, Rh, Ir Re etc are 

oxide magnetic film 3 1 and L no^^^sTtT^ «*" ° f ~ g beWefn 'th f "* 

is possible to strengthen the switched ^cct^^ tTn^ magnet * film of Co-rich is desirable at —4 It 
membrane 33 by insertion of this metal magnetic film ^ fllmS 3 1 which winded the nonmagnetic 

Uil%c3 Au Ru etc 

& at ] r ° r more is ^L^rr*" the interaction 

thickness should set lOnm or less to 3nm or less des rablv Mn™ u " ,f a "^^tic layer 4 becomes thick 

when the thickness of this non-magnetic ^^^'^Z* m coaG ^^ of drawing 1 - drawing 3 
substrate 1 to this non-magnetic layer 4 is LotortSTh^^ ^ Smoothness of ea <* class from the 
(the metal magnetic film 32 and free l^^^^rf neB is bad ' betwee * ^o magnetic layers 
magnetic association will arise and de^J^^^^^ S 5P arated h V *e non-magnetic layer 4 
or he nregularity of the interface of a magn tic tZ^nT^Zf i rT^S f Pr ° dUCe * a ^ 
[01 16] As a substrate 1, the comparatively smooth CLE Y u S d , eSirable * at jt is °- 5nm or less. 
^ummum203-TiC substrate, is used. In proZcW 2 mS h^? * ,' ^ 38 glaSS ' Mg ° md Si ' ^ » 
[01 17] In addition, as the configuration iJeS^eShSS^ ^ atamnun^oS-TiC substrate is suitable. 
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pa8el0of2 ' 

inserted into the shield eaos 1 1 and 14 n f *l , element 9 consists of drawing 14 a so that T 

mn^T 2 ° 3 ' and UPPCrPart ^ ^ As shieId » insuS^tch 

21i^?T^ SiT/S£ Fe?^' r ~ (" C °) -d Co-Nb-Z, Soft magnetism films 

in corrosion resistance,^ .tsc™^^ 

temperature heat treatment, and is a field joint^^tXTl^hu^ ^ ^ 18 ^ to el «ed 

FOlloi ^°T n8 SUbStrate tem P e «*ure at an elevated ^^^l^"^ ™° m ° n COntro1 ^ wi * the 
[0120] The mas magnetic field of the hard bias section 12 w ^-mentioned (AB)20X system, 

magnetic-domain control of the MR element 9 The MR e^enf ?* d films ' Such as a Co-Pt alloy, is used f or 

layer, it can be caught with ap£ of fowi SiSdSf fn?" ^'I"" 00 "* 0 ' layer 2 of an oxide » ns ^„° r r 
ml ™ £f MR e ' ement 9 a**»My. 1 1, and can be called strncture suitable for this object ratner ftan it 

become the direction of a magnetic ' h ,™ ^ f X,s ^ &«1 bed 3 ] to be 

constituted so that it mav 

2SS^ what is shown m drawmg 14 B has 

in connection with densification, the magneti 'field ItomtiSfr^- " * Pr ° blem t0 Which a shield fia P becomes narrow 
the bias magnetic field to the free layer 5 of the MR ril *ou SCCtl0n 12 is absorbe d by the shield section 27 
technical problem is solved with ^^JS^Zl^' WC * there is ** advanta ^ by wh ch S 
form element 1400B that it shall be different 1,^ th ™tff ^^^^m bias section 12A. However k tend, tn 
antiferromagnetism film of antiferrlmfSm to^StT ^ °f* e MR 9 ^ 

MRelement 9, and should just use an IrMn s^tem etc for iff * ^ f ° r CXam P le ' il uses * PtMn system for the 
[0124] In addition, although the above antiferromagnetism bias section 12A 6 

also to the OMR head of av^S horizonta, type OMR head, this invention is effective 

~ d ^^^ 

"--r hawing 14 A and 14B to drawing 15, 
films which guide the signal magnetic field whicLhould he^t t ^ y ° ke which of soft magnum 

use a conductive metal magnetism in drawing *, f R ^ 9 - d yoke may 23* 

f? 9 - M ° re0Ver ' in order t0 us « a Yoke r b v senSiv^t I I ^ f ft may not ^ort-circuit with 
of the type of drawmg 14 A and 14B, but since mis arm h^d^Z' I f to ^ heads 1400A "OOB 
h eld gap like drawing 14 A and 14B, it is advan^^ n ^ < ^ n ° t P Iace * e MR element 9 into a 

[0126] Since these magnetic heads 1400A 1400B ^ SVon Z 8 n P[ su P er + lzin g- 

magnetic recording media, such as HDD usine th^e^mnf^ + Dt m playback sensitivity, if they carry out 

them i which exceeds 2 40 Gb/inch will become possible ^ S ' a high ' densit y magnetic recording medium of 

elemen 9 whlch has [(he free , nonH1 ^^/3 ™ msulated in the magneto-resistive effect 
element 9 - a conductor - the object for mfomanWad „m 1 f ^ r. 6 ""™' md me magneto-resistive effect 

e ' ement 9 - md 'he 'leetrodeT- Tc^nd?c"tor ^ * C ltae <word line > 22 > magneto 

smtcture of the film surface of the »»«n-<M«^3£S3^rfto ( Z e , ?l " ) A " h ° Ugh mi "^ of me 
^M^fc^ ^ tt, ' S mVen "° n ° f ha ™« « * «P -d 



change at that time to it by the sense ^TSS^^^ 'TA^' "* ™ ds inforaiation ** the" esSce 
reversal of the free layer 5 is performed, and Ld^Ltf™ f °I bed 3 is not P^rmod, but on y fl ux 

%n*r* el ? om the thing with the w^-iss^ 1 ^ " 1 " and "°" conditi ° ns *£«S? 

[0129] In the above-mentioned case, are destructive ™k™ I £ f ^ magneto-resistive effect element 9 differs 
read-out, but Pass current to a word inT 2 2 She fixed hi^ ^ Ration is erased in the case of information 
starts flux reversal, and record mfco^o^S^ _?«£ *? ^ 5 magnetic field ^ 

word hne 22. Destructive read is possible for it if Sux reveal n t r pa f f 68 /™ ^aker than the above to a 
does .not start but starts only the flux reversal ^^^^^^^ \ generates the ^gnetic field which 
and resistance change accompanying this only for the flux reverb of ^ * i editions are identified by the lifting 

a^ft error, either, and is ^%££££ZS£*£^ «* M*AM is .k^^JSS; 

bed 3 usi„ g si main]y usi ^^SS^'^^^ for *• ™g**ic films 32 of the a£ 
used for the oxide magnetic films 31 of the fixed Ijim u non-magnetic layers 4. Moreover, CoFe 204 was 
less Torrs, the sputtering method ™^^^_J_?__« * ^ ° f * ™»» ^mber to I xZ 8* 
™Ir^' w d ' he "^"-resistive effect elemenfof me ^SZfo' „Af fn""" gas "S 1 " be se « '<> *»ut 0.8 

As a result, MR ratio succeeded in acquiring the lvalue of ^P^ed magneto-resistive effect element 

other hand, does not use CoFe 204 had large "speSZ "a lift ™ e «» ven »<™l sample sample which, on the 
SiM* * b * *»ir:ffi» d *« "** ^ ratio also exceed's ,0%™ 

sing JLSS ~g^^^ been shown in drawing , 

K n ? e S " bS,rale 1 »** Sl ' alpha FeT-- 03 rdTSt^ R ^'f ma « netiza ' i °'' revolution conf ol 
rO.2Mn0.8 were used as an alloy target <A-La,B-Fe) - moreover, Pt0.5Mn 0.5 and 

httrv/Axninir/l J*w11 ^ _*/.,. , ^ ' 
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The conventional example samnle C Ninn m / il ^ Page 12 of 20 

Th- conventional ex^ l£ » S i^^^lffi^ ' ^ 7 ^eCo (3) 
Example sample 1 CoFe [ NiFeCo(3) / 1 m/cX ' C ° Fe(1) 7 NiFeCo ( 3 ) 

Example sample 2 CoFe NiFeCo 3 I £ 2 / Spl ^ (L5 > 7 PtMn ( 20 > 
example sample 3 NiO(10) / alpha pi 20 % Fe3 ° 4 (L5) 7 NiFeCo (3) 
Example sample 4 LaFeci (4^3040 sZlfiW^r IV ° U(2) 7 ^> 7 N ^Co (3) 
However, drawing 1 of the conventional exZ^U, P 7 N *eCo (3) ( > 

[A table 1] 

fe%mvyyjb c 

Mt&mvyy;i 2 
Utefliy^ju 4 

™^ con.ro, , ayer 2 was used wha , 

° Ut y HP " ^ eXPerime " ,al i" (a Ufa 

"I ^ ~ Sh °™ *> « mu.ti.arse, 
film by the reactive sputtering by the i£ SrfSr JJ^? T^* membrane ^"cJloZntSnS 
element 200 as shown in drawing^ was produced Z USmg a 1 ™"™"" target The magneto -resistive effect 

LU140J example sample 5 PtMn(20) / FelOd n n c 

Example sample 6 CoFe [ aluminuLo3(2) / Nff^/l nlr^] r'fW ' N * eC ° (3) ' alumi ™» 203 (2) 
However, the example sample 6 has sww „f ' } . J , (1)7Cu ( 2 ) 1 CoFe(l) / Fe304 (1 5) / IrMn n <\ ] 

field of amaximum P of 200 P kI/m wLtS ' ^ *• "* of appro vaf^hLagnetic 

set to Hp, and the measurement result was shown in a table" ™ 6 Pmnmg magnetic field of an element 

[A table 2] 

** MR * Hp(kA/m) 

Snnvyyju 5 15 80 

SfcHt^ji, 6 16 40 

ss"r"' i " , ""'*~'' , -* !, ™-- , "«'--"-'-» 
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magnetic films 51 of the free layers 5A and SR ™a_ v ^, ?m 13 ° f 20 

[0144] For the fixed beds 3 of C^5^ Sn^th \™ ^ ±e oxide magnetic films 52 for Cu 

[0145] After exhausting the inside of a vacuum chamberTl v in ♦ * , ma S netlzatl °n revolution control layers 2 
the glass substrate with the sink so that ^T^ZjfsS to 1 t n? T0ITS ' the sputterin S me *od wJs used on 
dements 500B and 700 of the following cS^^^^ 9 mT °^> «* * e -gneto-resistive effect 

nickel0.68Fe0.20Co0.12(3) eai(2)/Cu ^ 2 ) /nic kel0.68Fe0.20Co0.12(2)/Fe3O4(l)/ 

[A table 3] 

K * MRtt Hp (kA/m) 

M*9l*f>JM 7 12 35 

s^sssks xtssssr t **** — ° f ^ bed 3 ^ 

[0149] In this case, it ate becomes ^^2^ ^ of H » sh °™ j " (» *Me 3) * 

the NiFeCo fita is ^ for free ^ 5B from 7%££^?.**. ° Xide ■"»■*' 3 1 • Moreover althoush 
^ ra ' i0 WiU be P ° f Se " S,t,V " y m the ^mentioned example, if CoFe if 

and the duect-current 4 terminal method estimated the NK pronem !ftl 7 T" 1 out at "» ro< »» temperature, 
^ r „ g ma^e «e,d o f an element was set ,„ nZ^lZZT^^tT^^ 
[A table 4] 

tt * MRib Hp(kA/m) 

mmmyjji, 9 i 6 60 

cSiSl SS^SSf ^ ^ rati ° ^ HP « Movable. 
1 a a liixam P le 5 > The magneto-resistive effect element 7no son r- 

and dmw m& 8 using multitarget sputtering equTpmenTwl ^oduced ft ^ ° f havin S been ^own in drawing_7 

J* and . _ magneto-resistive effect dement S *" 'W* S * » ab °« ° «T„rr 

101 55] Example sample 10 Alpha-Fe 203 rm i r„r .or? n °™guralion was produced. 

Example sample 1 1 fa(5) / Pt^f/) fi ^ ^ffi^'.S^'^ '® ' Fe304 <>> / nickelO.SFeO 2 (3) 
Xlre^^ 
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[A table 5] 

a * MRifc 

11919^* 10 20 

n 17 

12 19 
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Hp(kA/m) 
40 
50 
45 



[0159]Examp 1 e S a n ,ple,3NiFeC„(4)/Cur2Wr P owe ^ ° ffe fol <°™« -fiction was 

Examp.e sample 14 CoFe [ Cof7/ NiF^„S/ ,^° 4 < 2 > 7 Ru <°- We 304 (3) 

Thus «,e sea, of approval of the -JJ^'^S^ ' <^ ' *" ( ° 7 > 1 1 *>4 (3, 

the direct-current 4 terminal method estimated tS M^Zn i ^ m Was carried out at *<> room temperature 
^e measurement result was shown in ( a bb '^ * MR Propaty ° f "* ™gneto-resis,ive erSKTem. 

[A table 6] 

** MR* H p(lcVm) 

mmvyjji, 13 13 20 

SlT™*? fieW WWch Sn o* maSta of f*' be °"» VCTtical '° Section of a 

[A table 7] 



i££0»J H-A 
£«B0»J H-1 

nmi H-5 

Sfefeftl H-10 



MRS*3 
A 
1 
5 
10 



o 

+4 
+5 
+6 
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Page 15 of 20 

Y oyj p xa mple 8) By the same method as an P y,m„ip i ,u 

shovm ,„ was CTea(ed <* an example 1, the magnetic resist eJement 300 of ^ ^ 

i ne MR effect was measured bv the ™ mf > J 
[0.7,| The result is shown in all" ^ " " eXam <* e 1 ab °* *• »bove magneto-resistive effect element. 



[0172] 
[A table 8] 

m M ™ W Hp(kVm) 

*ft«V>^M5 22 80 

**«V>^H6 28 40 



[01 73] It turns out that very bieaer MT* rat.v, ti™ * • , 
[01741 fExamnle Q\ u 0 i D1 SS*»- MK- ra tio than a table is obtained 

^ng ™& T t t lT , h 9 °h°H Sh T «■ -hi *e same 

layer 7, Co0.9Fe 0.! was used as a meW magnetTfifm 32 of T I 00 ™ * enMl «"•«« «ta asTs^bstrate 

1 00 thf " ^ g " M gas " about [ in addition ] - oneSLf ' P er dlSCharge is once upended as the 

In .addition though the aboveextfaM Samp e^n W - ' T 5Ta(5) ' C ° 0! > M °°-5 W- Ta-0 (3) 

nT^f !1 ' 0 ab0 / 20 Ton < s > 35 2 »<i ProceT arid Shi* T^"** ° Xygen gas 101111 '"^e of a 
http://www4.ipd! jpo.go.j P /cgi-bin/ fra n_web!cS eXamP ' e ' 8 ° f "» ""H**- same 



ox,d,zed. Next, the vacuum chamber was^SSS^ 1101 ^ Slde ' and ** metal film frSce was 

chamber after thai, 2GHz microwave is inttodTcedTntl """^ Sam <" e 17 Md exhausting fte S a 
oxygen gas. Ar gas was passed 0 5 sc™ « 1,™ '°° ™ *° 2nd process . they ar T 4sccmS about 
toe acceieration voltage Sf about M^Jb&^J™ in *• io " S™. Oxyge'n gas pu °u with 
vacuum chamber was exhausted until it was again s™to S ^ T* 16 fita face was tad »ted. Next ie 
= e,ysameco„ fig ura ti „„as m ee X amp,e^^ 

ratght become the aimost sam'e JSt^ £S* °* f ^ fflm w=d » ** « 



[A table 9] 



■JEW 


MRifcfc) 


XMMyJjt 17 


13 


^1/ 18 


13.5 


3as«y>^i; 19 


12 


Hffifllt^^l; 20 


12.8 


HffiEfiiJtf^b 21 


13.3 




8 



Hp(kA/m) 
78 
60 
75 
70 
68 
75 



UenVs^em ' * ™ «"«• -h. -» 
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[A table 10] 

K» MRlfcM Hp(kVm) 

m&m^7» 22 15 67 

tt*«y>^F 9 66 

ferry (synthetic antiferromagnet) structure. By dial^iT^S?^ 18 ^ ^ S °- Ca,led lami ^ing 
a nonmagnetic membrane 33 is the thickness which is 0 4nm 1 1 Tt / ^ * ^^S^ membrane 33. When 
the metal magnetic film 32 which touched this StotWs^ritei^ ^^^^-switched connection arises in 
reversal magnetic field of fixed-bed 3C become ^SST 8 ? 1 fieW is dr ^tically strong, tL 

configurafion of magneto-resistive effect element U00A of dfalw nT *f n0nma ^ etic m ^rane 33 of the 8 ' 
fundamentally, a part of process only increases and the m«mftT g u °? ly mCreases Spared with drawing 9 
case of ffi, example5 the msgptUnL^^^^S^ of * is inven «°n is also effective. In the 
mckel0.8Fe0.2/Co cascade screen and fixed-bed 1 3 cTsfwft^ T 8 C ™ fi ^ ati <™ was created as a 
1 , usmg Ir0.2Mn0.8 film or alpha-Fe 203 film ^as CoO 9 Fe 0 U2) fgt on w r 5 and 3 &ee la ^ er 5 as a ^strate 
magnetization revolution control layer 2 ^-^eu.l(2) / Co-Fe-O(l) / Co0.9Fe0.1 (2) film, and a 

Sust"^ a radical gun „ ke the example sample , ? jn ^ 

[A table 1 1] 

** MRib(*) H p(kA/m) 

£«S&ltr>;^ 23 15 100 

^Jlfcffliy^^b 24 18 60 

«SS^l7^^ - -**od that MR ratio is large 

5 u, antiferromagnetism ^ ttJ^SSbtaS? Rutot^^r SWi ' Ched "—*» * th7frXer 
ferry free layer i s effective in lowering the tlSCsTa "ava ' „w£ ^ ^ I" 6 " ^ used ' A '^"S 
Co0 9F^7n Substan,iall y. «*« an arm head Te tol ta ° f * e (magnetization) of 

CoO.SFeO. 1 film was used as a ferromagnetic of the free kwer\ TW ? ^ sensravtty-.zation. In this example, 
In tms case, it considered as the oxide mametir S T1« configuration of the created film is shown below 

http://ww4.i P dl.j po .g 0 . j p/cg i . bin/tran _ web _ cgi _e jje " W " 
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[A table 12] 

«*« H-H H 
**« H-25 
H-26 



15 
16 



0 
+6 
+7 



[A table 13] 

H-I r V ; 



£«§0J H-27 17 +8 

^fieff] H-28 18 +8 
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[0210](Examplel5)Magnelo-resistiveeffecteIem e nfirnfia„f <- ■ 

whtch has the structure of examples 13 and T4SI ' It ? f^ 6 ®**™ of havtag been shown m drawing 1 , A 
aferromagnetic of the free layer 5. As an oxide TaScltat, ™ S /f ami>le ' "l^^CoO. 1 2 film i "I d at 
^ ™ d » ' s FeAIO at reactive sputtering What™ u^eZ t f* 8 ^™ lmm 0 2 wi F «>-8Si0.2 are used for a 
Co0.9FeO. 1 film and a flux reversal control averl Z t fi,m 18 used - p W.5Mn0.5 film was used as 

for protective coats as Cu and a nonTagSi mlCe 33 T^JZ ^ "W"* fita 32 - R"Sb ject 
Z ,^" 0 " ° f a ^ ted flta fa *own betow M ' Ched COnMcdon 88 " "on-magnetic layer 4. The 

2> 2 ;« 

[02.2] Flux reversal of the free Uy^Zt^p^—^^^ mem0r ^ device "00 was cS 
>t .s earned out, mformation is written, and » if'S.^C , ^ 22 mi """V* *™ NiFeCo/Ru^SeCo to 

sense lme 23 for current in the same d rection as a word S, ? resistance "f, sink and a 

1 be ^° W ,-. a , C 'r cha "8 e *» *^by tee fST" 0 '?^' bUt Whe " cu ™>' ™ s P-sed 

SSlfl flSSflS The" 16 T* » «££ ta^ta™ 1 " """^ °* *" a —»* "evice 1700 

™f * fita « as a non-magnetic layTrT^ ?o F 5 fita SSXT °' 01 Was «* &r *» °^ " 

ele^r^ C °T eCti0n ' Ta Was - « <"** ^^"^■SSi 0 "' ^ ? 3 —»««* membrane 
f confi « uratl <>n of the created film is shown , betew S " Sed for Ru as 30 ob i M { <* "P 

and the lower electrodes 21 and 22 it insulated W9?S COnS1StS °£ , Cu was independently connected to the unner 
was formed, and it considered as to ^SS^^S!? ^ ^ ^ WOrd lme 22 which consist "of 

~i a i 0 / free , kyer 5 ° • * ^d°out that 

an example 15 is earned out, information is written in re ««rtZ~ ST * u MgCS from NlF eCo/Ru/NiFeCo to it like 
current to a word line 22 next, the actuation Checked and T m f ° f the Sink Sense line 23 * measured for 
checked that the memory device which chcckSZtt^ ^ ^ 17 °° Can be instituted. Thus, it was 
efcment 9 of this invention operates also with th ce ^ s ze of 0 3 ^7 *?" 1 T°° USmg *» magnetic ™ tance 

« * nonvolatile - of 0.3-mxcrometer angle, and was created in the exampL 15 

021 5] (Example 1 7) Magneto-resistive effect element 1 1 00R «f a. « • 

spatter using the membrane formation eauinmenf wSI of the configuration of drawing 1 1 B was created bv the 
considered as Pt0.5Mn 0.5 and the SS^^JK^ ^cathode. In this case, as a ^ ft 
Ta and a metal magnetic layer 32, as Fe 0. 1 and an o Z tltXol revolut ^ control layfrs 2, and as 

Ru, the oxide magnetic film 31, and an object for 52 and Pon op n ? T"? 8 ™* 10 memb ™es 33, Fe304 was used as 
magnetic film 5 1 as a non-magnetic layer 4 A 7ner7 ^ l^- 1 mckel0 -8Fe0.2 were used as Cu and a mil 
used in this case. Moreover, onTy when^reatm S S^SSSS^ S"^ ^ Xe ' was 

' 3b0Ut 1% ° f 02 ^ 
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together with Ar gas. The object wh.Vh aAA^u- Page 20 of 20 

EES?" — -Pie J which does „„, have the ,a y er of an oxide magneti c fita f„ ' • 

[A table 14] 



M*M*) Hp(kA/m) 
7 - 5 80 



In this case, although MR ratio was equivalent to 12 8y «wi a i 
device of high density can be created. ^ * 18 nonvo1 ^ and the magneto-resistive effect memory 
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* NOTICES * 

3.1n the drawings, any words are not translated. ' 
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[Drawing 2] 
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[Drawing 3J 
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[Drawing 4] 
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[Drawing 5 A] 



-500A 




51 sums J 



[Drawing 5 B] 
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[ Drawing ^] 
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[Drawing 7] 



-700 




. 52«fctt-ttK 
. 4$Btt A 

1£_ 
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[Dr aw ing 9] 
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[Drawing 10] 
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[Drawing 1 1 A] 
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[Drawing 1 1 B] 
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[Drawing 12] 
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[Drawin g 13] 
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[Drawing 14 A] 
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[Drawing 14 B] 
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[Drawing 16] 
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[Drawing 17} 
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